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TJNDERSTANDING 



A Visual, Auditory, Interaetive Approaeh 

Gale Sloan Thompson 


Overeome your fears and 
build your eonfìdenee 

The author listened to students like 
you. She designed a text that divides a 
seemingly huge volume of information 
into manageable seetions. 







Strijettires of the Heart 
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ST FACT 
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T|flK Affilim. 


The endocardium is very smooth, an 
important eharaeteristie that helps keep 
blood from elotting as it fills the heart's 
A ehambers. 
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lungs and beneath the sternum. The 
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FAST FACT 


The study of the heart and the 
treatment of related disorders is 


ealled eardiology. 


r 


Expand your knovvledge 

"Fast Facts"are important points of information related to speeifìe 
body systems that help you build a firm foundation in A&P. 


Master the language of A&P 

New terms are defìned right in the text, making 
it easy for you to build an A&P vocabulary. 













































Welcome to the ehallenging but rewarding world of anatomy and physiology. 


Whatever your learning style...looking, listening, doing, or a little bit of eaeh... 
this interaetive approaeh to anatomy & physiology is designed just for you. 




Stroke Volume 
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Life lesson: Congestive heartfailtire 

Congestive heart failure (CHF) results when either ventriele fails to pump blood effeetively.This ean occur because 
the ventride is weakened from a myoeardial infaretion. Also, prolonged high blood pressure or ineompetent heart 
valves, both of which foree the heart to work harder, ean weaken the ventrieles. Chronic lung disease plaees a 
strain on the right ventriele, because diseased lungs make it more difficult for the right ventriele to pump blood 
into pulmonary circulation. Over time, this ean lead to failure of the right ventriele, ealled right-sided heart failure. 
Failure of the left ventriele is ealled left-sided heart failure. 

Symptoms of eongestive heart failure vary aeeording to the side of the heart affeeted. Keep in mind, however, 
that the failure of one ventride plaees an added strain on the other ventriele. Eventually, both ventrieles faìl. 
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That Makes Sense 


Faetors that affeet eontraetility are ealled inotropie agents. (Tip: To help remember this term, think 
"in."An !N-otropic agent affeets the myocardium's abiiity to eontraet IN-ward.) Agents that 
inerease eontraetility (positive inotropie agents) include excess ca!cium and epinephrine. Agents 
that deerease eontraetiiity (negative inotropie agents) include a ca!cium defieieney as well as a 
potassium excess. 

Faetors that influence heart rate are ealled ehronotropie agents. (Tip: The prefix ehron- refers 
to time, as in a ehronology. Therefore, ehronotropie refers to how many times the heart beats 
within a eertain time period.) Agents that inerease heart rate (positive ehronotropie agents) 
include epinephrine and low levels ofcalcium. Agents thatdeerease heart rate (negative 
ehronotropie agents) include aeetyiehoiine and excess levels ofpotassium. A 


Retain what you've learned 

"That Makes Sense"boxes use praetieal examples, restatements, 
and mnemonies to help you remember the material. 
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Explore real-life examples 

"Life Lesson" boxes make anatomy and 
physiology pertinent to daily life by 
applying material to elinieal situations. 


Uncorrected page proofs shown at reduced size. 
































Identify your strengths and weaknesses 

Ansvver the"Test Your Knovvledge"questions at the 
end of every ehapter to make sure you understand 
the material vvhile you assess your progress. 
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Test Your Knowledge 
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The iHeart Valves 
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Ventrieles rcl>ixud 
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TheHéar! Skelelon 
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Build your vocabulary 

A"Review ofTerms"lets you quickly loeate short 
definitions for the key terms in every ehapter. 
Use the audio glossary online at DavisP/i/s.eom 
to hear pronunciations of the terms. 


Review of Key Terms 
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The Body AT WORK 

Vaives open and dose in response to pressare ebanges 
withìn th e. h eart. íor example t when a ven trìde rdax.es, f/i e 
presstire within tha f ventride drops. The AV vaive leaflets 
hang limpty, alfowing bíood to flow throagh theopen valve 
into the ventride. r.rie ventride fìiis, pressurein the 

ventride rises. A fter filiing, th e ven tride begìns to eon traer 
and thepressure rises even more . This inaeased pressare 
poshes againstthe easps of tne AV vaive, eavsing itto snap 
dosedWhen pressure in the ven tride exceeds th e pressare 

Vownstream; the semilunar vaive pops open, aiíowing 
bìood (o fio w e u f in to the area of ìo we r pressore . 
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To make the information in this ehapter part of your 
working memory, take some time to refleet on what you ve 
learned. On a separate sheet of paper, write down 
everything you reeall from the ehapter. After youre done, 
log on to the Davi sPlus website, and eheek out the Study 
Group podeast and Study Group Questions for the ehapter. 


Own the Information 

i 

Key Topies for Chapter 14: 

• The size, loeation, and key structures of the heajt 

• Sounds made by the heart 

• Heart ehambers, valves, and great vessels 

• Blood flow through the heart 

• Coronary circulation 

• Cardiac conduction and ECGs 




Cardiac eyele 

Cardiac output and the faetors affeeting eardiae 



Llnderstand how the body functions 

"The Body at Work"explains how physiologieal 
proeesses work. 


output 


Build a eomplete understanding of A&P 

"Own the information" is a detailed plan of study 
that shows you how to absorb what you need to 
know about the most important eoneepts. 
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Animations 

Watch the full-color animations that show 
you how physiologieal proeesses work while 
a narrator explains step by step. 

Audio Glossary 

Flear pronunciations of the key terms in the book. 

interaetive Exercises 

Complete the image-based "Body Language" 
labeling and matehing exercises to find out 
what you know and don't know. 


Davis Digital Version 

Aeeess your eomplete text online. Quickly seareh, 
highlight, and bookmarkthe information you need. 

Flash Cards 

Read eaeh ehapter and then "Test Yourself"to 
make sure that you understand the material. 

Audio Podeasts 

Listen to the"Chapter in Brief"summary for eaeh ehapter 
and to students in a"Study Group"asthey quiz eaeh other. 
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Workbook (Available for purchase separately.) 


Take a hands-on approaeh to A&P! 

Rely on the VVorkbook to help you quickly identify your 
strengths and weaknesses and learn where to focus your 
study time. Eaeh ehapter in the VVorkbook eorresponds to a 
ehapter in the text.Turn study time into game time with... 


Conceptualize in Color 
Sequence of Events 
Puzzle It Out 
Make a Connection 
List for Learning 


Drawing Conclusions 
Fill in the Gaps 
Just the Highlights 
Deseribe the Proeess 
llluminate theTruth 



n 

Qi 


fl> 


Fill in the Gaps: 


I Plasma Membrane 


CELLS 


Cells may be mieroseopie, but they are far from simple. In faet, eaeh eell is paeked with speeialized structures that 
allow it to perform various tasks emeial to human life. Use this ehapter to enhanee your understanding of cellular 
structure and fhnetion. Doing so is the key to understanding the inner workings of the body, in both health and 
disease. 


Testyonr knoivledge of the plasrna memhrane byfilling in the blanks in the folloiving sentenees. Choose from 
the ivords listed in tbe Word Bank beloiv. (Hint: Words may be used more than onee; also, not all the ivords 
ivill be ttsed.) 


AWAY FROM 

GLUC0SE 

PHOSPHOLIPIDS 

SELECTIVELY PERMEABLE 

CH0LESTER0L 

LOVING 

P0R01IS 

SUBSTANCES 

FEARING 

PASSAGE 

PROTEIN(S) 

T0WARD 


Conceptualize in Color: 


The Cell 


Identíjy tbe varions strnetnres iti a hiiman eell by eoloring tbe figiire beloiv. Use tbe stiggested eolors or eboose eolors 
ofyotir otvn. 


• Plasma membrane: Blue 

• Nucleus and ntielear 
envelope: Purple 

• Nucleolus: Dark blue 


• Centriole: Green 

• Mitoehondria: Pink 

• Golgi apparatus: 
Orange 


• Smooth endoplasmie 
reticulum: Brown 

• Rough endoplasmie 
reticulum: Tan 


• Lysosomes: Red 

• Ribosomes: Blaek 

• Cytoplasm: Yellow 



1. Besides defining the boundaries of the eell, the plasma membrane regulates the 

__ into and out of the eell. 

2. The plasma membrane eonsists of-,- 


of 


and 


3. The heads of the phospholipids are water 


causing them to faee 


_the fliiid in the eelPs interior and exterior. 


4. The tails of the phospholipids are watcr 


causing them to faee 


_the fluid in the eell’s interior and exterior. 

_molecules stiffen and strengthen the plasma membrane. 

are embedded in various spots in the membrane and flilfill a number of roles. 


7. Because some substances ean easily pass through the membrane, while others eannot, the plasma membrane is 
ealled-- 


List for Learnin 


H Proteins and the Plasma Membrane 


JJsing the spaees provided, deseribe the three roles fidfilled by proteins in the plasma membrane. 
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PREFACE 



Even as you read this sentenee, your body is performing 
amazing feats. Eleetrieal impulses are roeketing through 
your brain at over 200 miles per hour. Hundreds of muscles 
continually tense and relax to keep you in an upright 
position and to allow your eyes to traek aeross the words on 
this page. A speeifie muscle—your heart—is eontraeting 
and relaxing at regular intervals to propel blood throughout 
your body. In faet, your blood will make two eomplete trips 
around your body before you finish reading this prefaee. 

Even more amazing is the faet that the vast array of eells, 
tissues, organs, and organ systems making up your body 
arose from just two simple eells—an egg and a sperm. 
Consider, too, that you are genetieally unique: out of the 
over 6 billion people populating the earth, no two 
individuals are eompletely alike. That is reason to marvel. 

Artists and seientists have long been eaptivated by the 
human body. For eenmries, artists have studied the body’s 
outward form, focusing on the movement and shape of 
muscles and bones when rendering works of art. Seientists, 
on the other hand, yearned to diseover the mysteries inside 
the body. For almost 3,000 years, seientists have explored 
the depths of the human body: not just how it is put 
together, but how and why it functions as it does. 
Exploration continues today, with the latest diseovery being 
that of the human mierobiome. Indeed, this one diseovery 
has set the medieal community abuzz with its implieations 
for human health. 

For you, the journey to diseovery begins with reading 
this book. Contained on these pages is information about 
which aneient seientists only dreamed. This information 
will enlighten you about your own body; what’s more, it 
will arm you with knowledge that is foundational to any 
health- or sports-related eareer. 

Truly, before you ean understand a body in illness, you 
must understand how it functions in health. For example, 
without a thorough knowledge of fluid and eleetrolyte 
balanee, how ean you explain why ehronie vomiting or 
diarrhea ean cause irregular eleetrieal aetivity in the heart? 
Without an understanding of how the cardiovascular and 
respiratory systems interrelate, how will you grasp why 
ehronie lung disease ean lead to heart failure? How ean you 


appreeiate the need for caution in administering antibioties 
without an understanding of the human mierobiome? 
Consequently, you must learn—really learn and not just 
memorize— the information eontained in this book. 

There is much to learn, to be sure; but dont be 
overwhelmed. JJnderstanding Anatomy & Physiology breaks 
the information into “bite-sized” pieees, making topies 
easier to understand and also to remember. As you read the 
text—and you must read the text—you’ll be drawn 
naturally to vibrant figures that will illuminate what you’re 
reading. Being able to see a structure while you’re reading 
about it will make learning easier. Also, consult the inside 
baek eover of this book to diseover your particular learning 
style; then take advantage of the aneillary materials most 
likely to help you learn. 

You ean learn this. By the end of this course, 
understanding the body’s form and function ean beeome 
seeond nature. While taekling this elass may seem like an 
impossible marathon, you ean indeed get to the fìnish line. 
As with any marathon, the keys are to follow a plan (read 
the book); dont skip workouts (review and study daily); 
and take it step by step (study eaeh ehapter in sequence). 
You will get there. 
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Understanding Anatomy & Physiology, 2nd edition, remains 
a unique work in the fìeld of anatomy and physiology 
textbooks. As always, I am grateful for the vision and 
forward-thinking of Lisa Houck, Publisher. Her 
eommitment to making IJnderstanding Anatomy & 
Physiology a leader in its field is illustrated by her push for a 
seeond edition so that we could include a ehapter on the 
revolutionary diseovery of the human mierobiome. Thank 
you, Lisa, as always, for your tenaeity, drive, and 
eommitment to excellence. 

I am also grateful to Vietoria White, managing editor. 
Pulling off a seeond edition of a book with such a vast array 
of aneillary materials was no small task. Overseeing all 
aspeets of this projeet—ranging from eoordinating the 
schedules of myriad departments down to the minutiae of 
ensuring that eaeh eorreetion passed through every 
aneillary—required both skill and patienee. Thank you, 
Vietoria, for never eompromising in your efforts to ensure 
that the seeond edition would surpass the fìrst in both 
eompleteness and accuracy. 

A speeial thanks, too, goes to Naomi Adams, for her 
invaluable review. Naomi scrutinized every page of the 
book and workbook and painstakingly reviewed eaeh and 
every aneillary. I remain impressed by her breadth of 
knowledge of nursing and anatomy and physiology; I am, 
perhaps, even more impressed by her keen eye and 
attention to detail. Thank you, Naomi, for the obvious eare 
and eoneern you took when reviewing this work; it is much 
better for having passed aeross your desk. 


A book for visual learners would, obviously, not be 
effeetive without hundreds of vivid illustrations. Stretehing 
the artists and eompositors into new territory required that 
the text be integrated with the art during layout. As always, 
Carolyn O’Brien, Art Direetor, expertly led her team to 
ineorporate all ehanges with preeision. 

The vast array of aneillary materials, including the 
animations, online quizzes, Body Language, Study Group, 
and Chapter in Brief depended upon the skills of many 
others. This talented group of individuals was headed up by 
Kate Crowley. 

I would also like to thank the reviewers, who are listed 
separately, for their willingness to review various ehapters. 
Their speeialized knowledge of anatomy and physiology 
helped me improve the seope of the book and also hone the 
accuraey of the information presented. Having the input of 
those who work with students on a daily basis, and who 
understand the areas with which students stmggle, was 
invaluable in helping me make the topie of anatomy and 
physiology more elear, eoneise, and relevant to the lives of 
smdents. 

Last, but eertainly not least, I want to thank jaelyn Lux, 
Marketing Manager, and her entire sales foree for their 
enthusiasm for this product. I appreeiate their energy in not 
only exploring the attributes and unique feamres of this 
paekage but also in promoting those features to instmetors at 
various sehools and eolleges. I look forward to hearing the 
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CHAPTER OUTLINE 

Organization of the Body 
Organ Systems 
AnatomiealTerms 
Homeostasis 


LEARNING OUTCOMES 

1. Define anatomy and physiology. 

2. Deseribe the organization ofthe bodyfrom 
the very simple to the very complex. 

3. Name the 11 organ systems and identify key 
functions of eaeh. 

4. Define eommonly used direetional terms. 

5. Name the body planes and deseribe how eaeh 
disseets the body. 

6. Identify eommon body regions. 

7. Identify and deseribe the major body eavities. 

8. Name the nine abdominal regions and identify 
organs found in eaeh. 

9. Name the four abdominal quadrants. 

10. Define homeostasis. 

11. Explain the proeess of homeostasis through 
both negative and positive feedbaek. 


More than 6 billion hiiman bodies enrrently reside on the earth. 
While eaeh is individtially unique y all have the same basie design 
and structure. 


The structure of the body, anatomy, is elosely entwined with how it functions, physiology. Onee you learn the structure of 
a speeifie part of the body, you’ll naturally want to know how it works. Learning normal anatomy and physiology will also 
help you grasp the ehanges and symptoms that occur with eertain disease proeesses. The study of the proeesses that disturb 
normal function is ealled pathophysiology. (Patho means suffering or disease; therefore, pathophys iology refers to diseased 
functioning.) 

As an example, in a later ehapter, youìl learn that the lungs eonsist of a series of tubes, ealled bronehi, and that the 
smallest of these bronehi end in tiny saes, ealled alveoli. That’s a very basie deseription of the structure, or anatomy, of the 
lung. From there, you’ll learn that oxygen is absorbed into the bloodstream through the alveoli. That’s how the lung 
functions: its physiology. Armed with that information, you ean then eomprehend why someone beeomes short of breath if 
the bronehi beeome narrowed (such as during an acute asthmatie attaek) or bloeked (such as from a tumor). 

The human body is an amazing organism. It is intrieate and complex, but all of its proeesses make sense. Embark on this 
journey to study anatomy and physiology as you would any great advenmre: with interest, excitement, and determination. 
Remember: you’re learning about yonrself! 




The Body AT WORK 

VVe're oll avvare thatpeople look differenton the outside. But didyou knovv that 
people ean vary internally as vvell? The art in this book refleets the anatomy 
typieal ofmostpeople. Hovvever, variations do occur. For examp!e f some people 
are born vvith only one kidney; others have an extra bone in their feet; still others 
have earotid arteries that follovv an atypieal route. Perhaps the most extreme 
example ofanatomieal variation is ealled situs inversus. In this inherited 
eondition—affeeting about 1 in 10,000people—the organs are reversed. Instead 
ofthe spleen, panereas, sigmoid eolon, and most ofthe heart being on the left, 
they're on the right. Likevvise, the gallbladder, appendix, and mostofthe liverare 
on the left instead ofon the right. 


FAST FACT 


Although Aristotle of 
Greeee made the first 
reeorded attempts to study 
anatomy in 380 B.C., the 
first atlas of anatomy wasnt 

published until 1543 A.D. 























PARTI Organization of the Body 



The human body is organized in a hierarehy, ranging from the very simple (a mieroseopie atom) to the very complex 
(a human being). Speeifieally: 



ATOIVIS linktogether to form... 



ORGANS, which are structures of two or 
more tissue types working together to 
earry out a particular function. Examples 
include the heart, stomaeh, and kidney. 
Organs then form... 



into various structures, including... a eell that perform a specificfunction 

neeessary to the life of the eell. Examples 
include mitoehondria—the powerhouses 
that furnish the eell's energy—and the eell's 
nucleus. Organelles are eontained within... 



TISSIIES, which are speeialized groups of 
eells with similar structure and function. 

Tissues eome together to form... CELLS, the smallest living units that 


make up the body's structure. Cells group 
togethertoform... 




ORGAN SYSTEMS, which are groups of organs that 
all contribute to a particular function. All ofthe 
organ systems together form... 


The Body AT WORK 

The body eontoins four types oftissues: 

• Epitheliol tissue eovers or lines body surfaces; examples include the outer 
layer ofthe skin, the vvalls ofeapillaries, and kidney tubules. 

• Cormective tissue eonneets and supports parts ofthe body; some 
transport and store materials; examples include bone, eartilage, and 
adipose tissues. 



Muscle eontraets to produce movement; examples includeskeletal 
muscles and the heart. 

Nerve tissue generates and transmits impulses to regulate body function; 
examples include the brain and nerves. 



A HLIIVIAN ORGANISM: one eomplete individual. 
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The human body eonsists of 11 organ systems. The organs of eaeh system contribute to a particular function. However, 
some organs belong to more than one system. Speeifieally, the pharynx is part of both the respiratory and the digestive 
systems, and the male urethra belongs to both the reproductive and urinary systems. 



Consists of skin, 
hair, and nails 

Key functions: 

• Proteetion 

• Temperature 
regulation 

• Water retention 

• Sensation 



Consists of bones, 
eartilage, and 
ligaments 

Key functions: 

• Proteetion of 
body organs 

• Support 

• Movement 

• Blood formation 



Consists primarily 
of skeletal muscles 

Key functions: 

• Movement 

• Posture 

• Heat production 


Integiimentary system 


Skeletal system 


Muscular system 



Consists of lymph 
nodes, lymphatie 
vessels, lymph, 
thymus, spleen, 
and tonsils 

Key functions: 

• Role in fluid 
balanee 

• Production of 
immune eells 

• Defense against 
disease 



Consists of the 
nose, pharynx, 
larynx, traehea, 
bronehi, and lungs 

Key functions: 

• Absorption of 
oxygen 

• Disehargeof 
earbon dioxide 

• Aeid-base 
balanee 

• Speeeh 



Consists of the 
kidneys, ureters, 
urinary bladder, 
and urethra 

Key functions: 

• Excretion of 
wastes 

• Regulation of 
blood volume 
and pressure 

• Control of fluid, 
eleetrolyte, and 
aeid-base balanee 


Lymphatie system 


Respiratory system 


Llrinary system 
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Consists of the 
brain, spinal eord, 
nerves, and sense 
organs 

Key functions: 

• Control, 
regulation, and 
eoordination of 
other systems 

• Sensation 

• Memory 



Consists of the 
pituitary gland, 
adrenals, panereas, 
thyroid, 

parathyroids, and 
other organs 

Key functions: 

• Hormone 
production 

• Control and 
regulation of 
other systems 



Consists of the 
heart, arteries, 
veins, and 
eapillaries 

Key functions: 

• Distribution of 
oxygen, nutrients, 
wastes, 
hormones, 
eleetrolytes, 
immune eells, and 
antibodies 

• Fluid, eleetrolyte, 
and aeid-base 
balanee 


Nervous system 


Endoerine system 


Circulatory system 



Consists of the 
stomaeh, small and 
large intestines, 
esophagus, liver, 
mouth, and 
panereas 

Key functions: 

• Breakdown and 
absorption of 
nutrients 

• Elimination of 
wastes 



Consists of the 
testes, vas deferens, 
prostate, seminal 
vesieles, and penis 

Key functions: 

• Production and 
delivery of sperm 

• Seeretion of sex 
hormones 



Consists of the 
ovaries, fallopian 
tubes, uterus, 
vagina, and breasts 

Key functions: 

• Production of 

eggs 

• Site of fertilization 
and fetal 
development 

• Birth 

• Laetation 

• Seeretion of sex 
hormones 


Digestive system 


Male reproductive system 


Female reproductive system 
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Anatomieal Terms 



Terms are eriieial for navigating your way around the human body. Besides being used to identify the loeation of various 
body parts, the use of proper terms ensures accurate communication between health-eare providers. 

Because the body is three-dimensional, a number of different terms are needed. These include direetional terms as well as 
terms for body planes, body regions, and body eavities. 

Direetional Terms 

Direetional terms are generally grouped in pairs of opposites. 


Midline 








* " 1 - 




Distal: Farthest 
from the point 
of origin 



Medial:Toward the 
body's midline 


Lateral: Away from 
the body's midline 


Superior: Above 


Proximal: 

Closest tothe 
point of origin 


Anterior (ventral): 

Toward the front of 
the body 






■ 


T FACT 



All terms are based on the body being in the 
anatomieal position—standing ereet, arms at the 
sides, with faee, palms, and feet faeing forward. 
Keep in mind, too, that the terms right and left 
always refer to the patient’s right and left side. 


Superficial: At or near 

■f 

i 

the body's surface 

f 

i 

-1 



Posterior (dorsal): 

Toward the baek of 
the body 


% 


Ì 


\ 

i 


Deep: Away from the 
body's surface 


I 

K I 




Inferior: Below 
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PARTI Organization of the Body 





Body Planes 

Body planes divide the body, or an organ, into seetions 


Sagittal Plane 




Divides the body lengthvvise 
into right and left sides 
Called a midsagittal plane if the 
seetion is made exactly at 
midline 

Often used in illustrations to 
reveal the organs in the head or 
pelvie eavity 



Frontal Plane 

• Divides the body lengthvvise 
into anterior and posterior 
portions 

• Also ealled a eoronal plane 

• Often used in illustrations to 
shovv the eontents of the 
abdominal and thoraeie eavities 


Transverse Plane 

• Divides the body horizontally 
into upper (superior) and lovver 
(inferior) portions 

• Also ealled a horizontal plane 

• Used by CT seanners to reveal 
internal organs 




FAST FACT 


The frontal plane is also ealled a eoronal 
plane because the line of the plane erosses 
the top, or crown, of the head. The word 
eoronal eomes from a Latin word meaning 
crown. 
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Body Regions 

The illustration below shows the terms for the different regions of the body. These terms are used extensively when 
performing elinieal examinations and medieal procedures. 


Cephalic (head) 


Frontal (forehead) 


Nasal (nose) 
Oral (mouth) 


Deltoid (shoulder) 


Axillary (armpit) 


Braehial (arm) 

Antecubital 
(front of elbow) 


Antebraehial 

(forearm) 


Oarpal (wrist) 


Palmar 

(palm) 







Femoral (thigh) 


Patellar (knee) 


Tarsal (ankle) 


Pedal (foot) 


Orbital (eye) 
Buccal (eheek) 

Oervieal (neek) 



Sternal (sternum) 
Peetoral (ehest) 

Mammary (breast) 


Thoraeie 


Abdominal (abdomen) 


Pelvie 


lnguinal (groin) 


Pubic 



Oranial 

(surrounding the brain) 

Otie (ear) 

Oeeipital 
(baek of head) 


Scapular 


Vertebral column 
(spine) 

Lumbar 
(lower baek) 



Saeral 


Gluteal (buttock) 



Perineal 



Popliteal (baek of knee) 
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PARTI Organization of the Body 



Body Cavities 

The body eontains spaees—ealled eavities—that house the internal organs. The two major body eavities are the dorsal 
eavity and the ventral eavity. Eaeh of these eavities is subdivided further, as shown below. 



Mediastinum 

Pleural eavity 


Abdominal 

eavity 


Pelvie eavity 


Thoraeie eavity 


Diaphragm 


Abdominopelvie 

eavity 



Thoraeie eavity — 


Ventral eavity — 




Abdominopelvie — 

Abdominal 


eavity 

eavity 



Pelvie eavity 



Cranial 

eavity 


Diaphragm 
Spinal eavity 


Dorsal eavity 



Ventral Cavity 

Dorsal Cavity 

• Loeated at the front of the body 

• Loeated at the baek of the body 

• Consists of two eompartments (the thoraeie and abdominopelvie), 
vvhieh are separated by the diaphragm 

• Contains two divisions but is one continuous eavity 

Thoraeie eavity 

Cranial eavity 

• Surrounded by ribs and ehest muscles 

• Formed by the skull 

• Subdivided into two pleural eavities (eaeh eontaining a lung) and the 
mediastinum 

• The mediastinum eontains the heart, large vessels of the heart, traehea, 
esophagus, thymus, lymph nodes, and other blood vessels and nerves 

• Contains the brain 

Abdominopelvie eavity 

Spinal eavity 

• Subdivided into the abdominal eavity and the pelvie eavity 

• Formed by the vertebrae 

• The abdominal eavity eontains the stomaeh, intestines, spleen, liver, and 
other organs 

• The pelvie eavity eontains the bladder, some of the reproductive organs, 
and the rectum 

• Contains the spinal eord 
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Abdominal Regions and Quadrants 

Because the abdominopelvie eavity is so large, and because it eontains numerous organs, it’s divided fbrther into regions 
(which are used to loeate organs in anatomieal studies) as well as quadrants (which are used to pinpoint the site of 
abdominal pain). 

Abdominal Regions 

The illustration below shows the loeation of the nine abdominal regions. The ehart beside it lists some (but not all) of the 
organs found in eaeh quadrant. Note that some organs, such as the liver, streteh over multiple quadrants. 



Right Hypoehondriae 

Epigastrie Region 

Left Hypoehondriae 

Region 

• Stomaeh 

Region 

• Liver 

• Liver 

• Stomaeh 

• Gallbladder 

• Panereas 

• Liver (tip) 

• Right kidney 

• Right and left kidneys 

• Left kidney 



• Spleen 

Right Lumbar Region 

(Jmbílieal Region 

Left Lumbar Region 

• Liver (tip) 

• Stomaeh 

• Small intestines 

• Small intestines 

• Panereas 

• Deseending eolon 

• Aseending eolon 

• Small intestines 

• Left kidney 

• Right kidney 

• Transverse eolon 


Right lliae Region 

Hypogastrie Region 

Left lliae Region 

• Small intestines 

• Small intestines 

• Small intestines 

• Appendix 

• Sigmoid eolon 

• Deseending eolon 

• Cecum and aseending 

• Bladder 

• Sigmoid eolon 

eolon 




Abdominal Quadrants 

Probably used most frequently, lines interseeting at the umbilicus divide the abdominal region into four quadrants. 


■Right 

upper 

quadrant 

(RUQ) 

Left f 

upper 
quadrant 
(LUQ) 

Right 

Left 

lower 

lower 

quadrant 

quadrant 

(RLQ) 

IL 

(LLQ) 

1 




Life lesson: Abdominalpain 

Abdominal pain is a eommon eomplaint, but diagnosing the 
cause ean be difficult. While some eonditions cause pain in a 
particular quadrant—for example, appendieitis typieally 
causes pain in the right lower quadrant—many times 
abdominal pain results from a disorder in an entirely different 
area. For example, disorders in the ehest, including 
pneumonia and heart disease, ean also cause abdominal pain. 
This is ealled referredpain. Likewise, although the gallbladder 
is loeated in the right upper quadrant of the abdomen—and 
may cause pain in this region—it may also cause referred pain 
in the shoulder. 
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PARTI Organization of the Body 



Homeostasis 


To function properly, the body must maintain a relatively eonstant internal environment despite ehanges in external 
eonditions. This eonstaney, or balanee, is ealled homeostasis. Because the body must make eonstant ehanges to maintain 
balanee, homeostasis is often referred to as maintaining a dynamie equilibrium. (.Dynamie means “aetive,” and equilibrium 
means “balaneed.”) If the body loses homeostasis, illness or even death will occur. 

Speeifìeally, the body operates within a narrow range of temperature, fluids, and ehemieals. This range of normal is ealled 
the set point or set point range. For example, the body’s internal temperature should remain between 97° and 99° F (36°— 
37.2° C) despite the temperature outside the body. Likewise, blood glucose levels should remain between 63 and 99 mg/dl, 
even when you deeide to indulge in an oeeasional sugar-laden dessert. Just as a gymnast must make eonstant physieal adjustments 
to maintain balanee on a balanee beam, the body must make eonstant internal adjustments to maintain homeostasis. 


n 


98° F 


Temperature: 
97 -99° F 
(36 -37.2° C) 


Potassium 
3.5-5.3 mmol/l 


Glucose 
65-99 mg/dl 

Calcium 
8.5-10.4 
mg/dl 


Sodium 

135-146 mmol/l 

Chloride 
98-110 mmol/l 


Carbon dioxide 
21-33 mmol/l 



32° F 


Homeostasis: 


The 


Body 


balánoe 





The Body AT WORK 

Everyorgan system is involved in helping the body maintain homeostasis. None 
vvorks in isolation. The bodydepends on allorgan systems interaeting together. 
In faet, a dismption in one bodysystem usuallyhas consequences in one or 
moreothersystems. 

Consider how the following systems contribute to helping the body 
generate heat: 

• Nervous system: The hypothalamus in the brain eontains the body's 
"thermostat." 

• Cardiovascular system: Blood vessels eonstriet to eonserve heat. 

• Muscular system: The muscles eontraet to cause shivering, which 
generates heat. 

• lntegumentary system: Sweatproduction stops and "goose bumps" 
form, which ereates an insulating layer. 

• Endoerine system: Thyroid hormone production inereases metabolism, 
which raises body temperatare. 

• Digestive system: The metabolism offood and stored fat generates heat. 



That Makes Sense 

To grasp how homeostasis works, think of 
balaneing a peneil on your finger. lfyou hold 
your finger still, the peneil will remain 
motionless and balaneed. This refleets statie 
(or nonmoving) equilibrium. lfyou move 
yourfinger slightly, thepeneil will move. By 
making fine adjustments toyour finger, you 
ean keep the peneil balaneed as it moves. This 
is dynamie equilibrium ,justas homeostasis 
is a type ofdynamie equilibrium. Ifthe peneil 
veers too far to one side, it will fall. In the body, 
this type ofshift results in disease. 
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Homeostatie Regulation 

Maintaining a stable environment requires eonstant monitoring and adjustment as eonditions ehange. This proeess of 
adjustment (ealled homeostatie regulation) involves: 

1. a reeeptor (which reeeives information about a ehange in the environment), 

2 . a eontrol eenter (which reeeives and proeesses information from the reeeptor), and 

3 . an effeetor (which responds to signals from the eontrol eenter by either opposing or enhaneing the stimulus). 

The signal sent by the effeetor is ealled feedbaek; feedbaek ean be either negative or positive. 

Negative feedbaek: when the effeetor opposes the stimulus (such as a dropping temperature) and reverses the direetion of 
ehange (causing the temperature to rise) 

Positive feedbaek: when the effeetor reinforees the stimulus (such as uterine eontraetions during ehildbirth, which trigger 
the release of the hormone oxytocin) and amplifies the direetion of ehange (causing even greater eontraetions and further 
release of oxytocin) 

Most systems supporting homeostasis operate by negative feedbaek. Because positive feedbaek is stimulatory, there are 
only a few situations in which it is benefieial to the body (such as during ehildbirth or in blood elotting). More often, 
positive feedbaek is harmful (such as when a high fever continues to rise). 


Homeostatie Regulation Through Negative Feedbaek 


ANIMATION 0 


ehange in environment 


Reeeptor 


Control eenter 


Effeetor 



V o ' 

01 

m 

■— 

rr^r? 



■j 

Ht 


The outside temperature falls 



A thermometer in the house deteets the falling 
temperature and sends a message to the 
thermostat. 



The thermostat has been adjusted to a"set point"of 
68°. VVhen the temperature falls belovv that point, it 
sends a message to the furnace. 


\ 



The furnace then begins to generate heat, raising 
the indoortemperature. 


The outside temperature falls 



Temperature reeeptors in the skin deteet the falling 
temperature and send a message to the brain. 



The hypothalamus in the brain reeeives the 
message that the body temperature is dropping 
belovv its"set point"and sends nerve impulses to 
the muscles. 



The muscles begin to shiver, causing the body 
temperature to rise. 
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PARTI Organization of the Body 



Anatomy: The study of the structure 
of the body 

Anterior: Toward the front of the body 

Distal: Farthest from the point of 
origin 

Dorsal eavity: Loeated at the baek of 
the body; eontains the eranial and 
spinal eavities 

Frontal plane: Divides the body 
lengthwise into anterior and posterior 
portions 

Homeostasis: The state of dynamie 
equilibrium of the internal environment 
of the body 

Inferior: Beneath or lower 

Lateral: Away from the body’s midline 

Medial: Toward the bodys midline 


Negative feedbaek: When the effeetor 
opposes the stimulus and reverses the 
direetion of ehange 

Organ: Structures of two or more 
tissue types that work together to 
earry out a particular function 

Organelle: Metabolie units (or “tiny 
organs”) within a eell that perform a 
speeifìe fìmetion neeessary to the life 
of the eell 

Pathophysiology: Functional ehanges 
resulting from disease 

Physiology: The study of how the 
body fìmetions 

Positive feedbaek: When the effeetor 
reinforees the stimulus and amplifies 
the direetion of ehange 

Posterior: Toward the baek of the 


Proximal: Closest to the point of 
origin 

Sagittal plane: Divides the body into 
right and left sides 

Superficial: At or near the body’s 
surface 

Superior: Situated above something 
else 

Tissue: Speeialized groups of eells with 
similar structure and fìmetion 

Transverse plane: Divides the body 
into upper (superior) and lower 
(inferior) portions 

Ventral eavity: Loeated at the front of 
the body; eonsists of the thoraeie and 
abdominopelvie eavities 



To make the information in this ehapter part of your 
working memory, take some time to refleet on what you’ve 
learned. On a separate sheet of paper, write down 
everything you reeall from the ehapter. After you’re done, 
log on to the DavisT/z/j website, and eheek out the Study 
Group podeast and Study Group Questions for the ehapter. 


Key Topies for Chapter 1: 

• Organization of the body 

• Organ systems 

• Direetional terms 

• Body planes 

• Body regions 

• Body eavities 

• Abdominal regions and quadrants 

• Fiomeostasis and homeostatie regulation 
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Ansìvers: Chapter 1 

1 . Correct answer: b. Physiology is the study of how 
the body ftinetions. Pathophysiology is the study 
of the proeesses that disttirb normal function. 
Homeostasis is the state of dynamie equilibrium of 
the internal environment of the body. 

2. Correct answer: a. Organs are structures of two or 
more tissue types that work together to earry out a 
particular function. Organelles are the metabolie 
units within a eell. Mitoehondria are a type of 
organelle. 

3. Correct answer: e. Lateral refers to something away 
from the bodys midline. Superfìcial means at or 
near the body’s surface. Proximal means elosest to 
the point of origin. 

4. Correct answer: b. The transverse plane divides the 
body into upper and lower portions. The frontal 
plane divides the body into anterior and posterior 
portions. There is no lateral plane. 

5. Correct answer: e. The circulatory system 
distributes oxygen and nutrients throughout the 
body. The nervous system eontrols and regulates 
the other body systems. The respiratory system 
absorbs oxygen and diseharges earbon dioxide. 

6. Correct answer: e. The term for foot is pedal. The 
term for palm is volar. The term for armpit is 
axillary. 

7. Correct answer: b. The pelvie and thoraeie eavities 
are eontained within the ventral eavity. The dorsal 
eavity eneompasses the posterior portion of the 
body. 

8. Correct answer: e. The hypogastrie region lies 
below the umbilicus. The hypoehondriae regions 
lie to the right and the left of the epigastrie region. 
The iliae regions lie in the lower portion of the 
abdomen, to the right and the left of the 
hypogastrie region. 

9. Correct answer: d. Muscular tissue produces 
movement. Connective tissue eonneets and 
supports parts of the body. Skeletal is a type of 
muscular tissue. 

10. Correct answer: b. Positive feedbaek is rarely 
benefìeial to the body, and therefore does not 
typieally promote homeostasis. Situs inversus is a 
rare eondition in which the organs are reversed. 
Respiration works with the other body systems to 
contribute to homeostasis, but it is not the means 
by which homeostasis is maintained. 


1. The study of the structure of the 
body is: 

a. physiology. 

b. anatomy. 

e. pathophysiology. 

d. homeostasis. 

2 . Speeialized groups of eells with 
similar structure and function 
are: 

a. tissues. 

b. organs. 

e. organelles. 

d. mitoehondria. 

3 . The term used to deseribe 
something toward the body’s 
midline is: 

a. lateral. 

b. superfìcial. 

e. medial. 

d. proximal. 

4 . The plane that divides the body 
into right and left sides is the: 

a. transverse plane. 

b. sagittal plane. 

e. lateral plane. 

d. frontal plane. 

5 . Which organ system fìmetions to 
destroy pathogens that enter the 

a. Circulatory system 

b. Nervous system 

e. Immune system 
d. Respiratory system 




The term patellar is used to 
identify which region of the 
body? 

a. Foot 

b. Palm 
e. Knee 

d. Armpit 


7 . What is the name of the major 
body eavity eneompassing the 
front portion of the body? 

a. Pelvie 

b. Ventral 
e. Dorsal 

d. Thoraeie 


8 . What is the term used to deseribe 
the abdominal region just under 
the breastbone? 

a. Hypogastrie 

b. Hypoehondriae 
e. Epigastrie 

d. iliae 

9 . What type of tissue eovers or 
lines body surfaces? 

a. Muscular 

b. Connective 

e. Skeletal 

d. Epithelial 

10. The proeess of homeostatie 
regulation operates most often 
through a system of: 

a. positive feedbaek. 

b. negative feedbaek. 

e. situs inversus. 
d. respiration. 



. Go to http://davisplus.fadavis.com Keyvvord: 

1J3VÌSr ÌÀÀÁÍ | Thompson to see ali ofthe resources available 

vvith this ehapter. 
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CHAPTER OLITLINE 

Basie Structures of Life 
Basie Proeesses of Life 
Compounds of Life 


LEARNING OUTCOMES 

1. Differentiate between elements and 
compounds. 

2. List the elements that eomprise more than 
98% of the body's weight. 

3. Reeite the three eomponents of atoms. 

4. Define isotopes and deseribe how isotopes 
produce radiation. 

5. Differentiate between ionie, eovalent, and 
hydrogen bonds. 

6. Distinguish between ions and eleetrolytes. 

7. Define energy and distinguish between 
potential and kinetie energy. 

8. Distinguish between anabolism and 
eatabolism. 

9. Identify three types ofehemieal reaetions. 

10. Name three faetors that affeet the rates of 
ehemieal reaetions. 

11. Define inorganie compounds and identify at 
least three that are essential to human life. 

12. Discuss the eharaeteristies of water that make 
it vital to human life. 

13. Differentiate between compounds and 
mixtures, and deseribe three types of mixtures. 

14. Define aeids and bases , and explain the pH 
seale. 

15. Define organiccompounds and identify the 
element that forms the basis of organie 
compounds. 

16. Discuss the types and function of 
earbohydrates in the body. 

17. Summarize the types and functions of lipids. 

18. Deseribe the structure of protein and discuss 
the roles of protein in the body. 

19. Explain the structure of ATP, its role in the 
body, and how it is formed. 

20. Identify the body's two main types of nucleic 
aeids. 
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Almost 60 ehemieal elements are fotmd in the hody y hut the 
purpose for every one ofthose elements is still unknown. 


We know a lot about the ehemistry of life, but not everything. For example, we know that 96% of the human body eonsists 
of just four elements: oxygen, earbon, hydrogen, and nitrogen. Most of that is in the form of water. The remaining 4% 
eonsists of a sampling of various elements of the periodie table. 

Life depends on a preeise balanee between all of those ehemieals. Seientists may not know the exact purpose of every 
element in the body, but they do know they’re all essential. The fìrst step in understanding the human body is grasping how 
those ehemieals interaet. Without that knowledge, how ean you explain why a potassium defìeieney ean cause an abnormal 
heartbeat? Or why too much sodium in the diet may lead to high blood pressure? What’s more, how ean you eomprehend 
how medieations (which are ehemieals) ean effeetively treat disease? 


MATTER 

is anything that has mass and occupies spaee. In 
turn, matter eonsists of substances that ean be 

either elements or compounds. 


ELEMENTS 

are pure substances: they ean’t be broken down or deeomposed 

into two or more substances. 

One example is oxygen; oxygen ean’t be broken down or 

deeomposed into anything but oxygen. 


COMPOUNDS 

are ehemieal eombinations of two or more elements. 

(For example, water is a compound that results from the eombination 
of hydrogen and oxygen. Hydrogen and oxygen are elements, eaeh 
having their own unique properties; in turn, the properties of water 
are entirely different than those of either hydrogen or oxygen.) 































Elements 

Of the 92 elements known to exist in nature, 24 are found in the human body. 


Major Elements 


Name 

Symbol 

Pereentage of 

Body VVeight 


Oxygen 

0 

65.0 


Oarbon 

C 

18.0 


Hydrogen 

H 

10.0 


Nitrogen 

N 

3.0 


Calcium 

Ca 

1.5 


Phosphoms 

P 

1.0 


Lesser Elements 

Name 

Symbol 

Pereentage of 

Body VVeight 


Sulfur 

S 

0.25 


Potassium 

K 

0.20 


Sodium 

Na 

0.15 


Chlorine 

Cl 

0.15 


Magnesium 

Mg 

0.05 


Iron 

Fe 

0.006 


Traee Elements 

Name 

Symbol 

Name 

Symbol 

Chromium 

Cr 

Molybdenum 

Mo 

Cobalt 

Co 

Selenium 

Se 

Copper 

Cu 

Silieon 

Si 

Fluorine 

F 

Tin 

Sn 

lodine 

1 

Vanadium 

V 

Manganese 

Mn 

Zine 

Zn 



iV 


TFACT 



These six elements account for 98.5% of the 
body's weight. 



These six elements account for 0.8% of the body's 
weight. 



These 12 elements—known as traee 
elements —eomprise just 0.7% of the body's 
weight. Although minute in quantity, eaeh is 
neeessary for the body to function properly. 



If the body beeomes eontaminated with elements 
that dont serve a purpose in the body—such as 
lead or mercury—serious illness or disease may 
occur. For example, exposure to lead or mercury 
ean lead to heavy-metal poisoning. 


That Makes Sense 

Eaeh element is represented by a symbol eonsisting of 
one or two letters derived from its name. For exampie, 

H represents hydrogen, C represents earbon, and He 
represents heliiim. Most, butnotall, ofthe symbols are 
based on their English names. Several are derived from 
other languages: mostly Latin. For example, the symbol for 
iron is Fe, which eomes from the Latin ferriim; the symbol 
for potassiiim is K, which eomes from the Latin kaliiim. 



































Atoms 

Elements eonsist of partieles ealled atoms. Atoms, in turn, eonsist of even smaller partieles ealled 
protons, neutrons, and eleetrons. 


ANIMATION 0 


Neutron 


Proton 


Eleetron 


First energy level 


Seeond energy level 



VVhirling around the nucleus are one or more eoneentrie clouds of 
eleetrons: tiny partieles with a negative eharge. 

• The number of eleetrons equals the number of protons. 

• The eleetron's negative eharge eaneels out the proton's positive 
eharge, making the atom eleetrieally neutral. 

• Eaeh ring, or shell, around the nucleus represents one energy 
level.The number of shells varies between atoms. For example, 
hydrogen has only one shell, while potassium has four. 

• Eaeh ring ean hold a eertain maximum number of eleetrons: the 
shell elosest to the nucleus ean hold two eleetrons; eaeh of the 
outer shells ean hold eight eleetrons. 


Protons and neutrons are paeked together in 
the eenter of the atom, ealled the nucleus. 
Protons earry a positive eharge, while neutrons 
are eleetrieally neutral. 

• Eaeh element eontains a unique number of 
protons. In other words, the atoms of the 92 
elements eontain between 1 and 92 protons, 
with no two elements having the same 
number of protons. 

• The number of protons in the nucleus 
determines the element's atomie number. 
(For example, hydrogen has one proton, so its 
atomie number is 1. Oxygen has eight 
protons, so it has an atomie number of 8.) 

• The number of protons and neutrons added 
together is known as its atomie weight. (For 
example, a earbon atom has six protons and 
six neutrons; its atomie number is six and its 
atomie weight is 12. Sodium has 11 protons 
and 12 neutrons. Its atomie number is 11 and 
its atomie weight is 23.) 







While eaeh element is unique, the 
protons, neutrons, and eleetrons that give 
them form are NOT unique. A proton of 
lead is the same as a proton of hydrogen. 
The uniqueness of eaeh atom results from 
the various eombinations of protons, 
neutrons, and eleetrons. For example, 
hydrogen has one proton and one 
eleetron, but no neutrons. Adding one 
proton, one eleetron, and two neutrons 
would produce helium. 

























Isotopes 

All of the atoms of the same element eontain the same number of protons. Most of them also 
eontain the same number of neutrons. Oeeasionally, though, an atom of an element will eontain a 
different number of neutrons. This is ealled an isotope. 



The most eommon form of hydrogen, 
ealled protium, has one proton and no 
neutrons. Its atomie number is 1 and its 
atomie weight is 1. 



Deuterium 


Another, less eommon form of 
hydrogen has one proton and one 
neutron. Called deuterium, it still has an 
atomie number of 1, but because of the 
extra neutron, its atomie weight is 2. 


We are continually exposed to low levels of radiation in the 
environment—including from light and radio waves. This level of 
radiation exposure is harmless. Higher levels of radiation damage eells 
and tissues. That s why radiation therapy is used to kill eaneer eells. 
Excessive levels of radiation ean cause radiation siekness, a eondition that 
ean be mild or, depending upon the level of exposure, fatal. 



Still another form has one proton and 
two neutrons.This form, ealled tritium, 
has an atomie number of 1 and an 
atomie weight of 3. 

Although all of the isotopes of an 
element have identieal ehemieal 
properties, some isotopes (such as tritium) 
are unstable.The nuclei of these isotopes 
break down, or deeay, and, as they do, 
they emit radiation.These isotopes are 
ealled radioisotopes, and the proeess of 
deeay is ealled radioaetivity. 



Life lesson: Radiation therapy 

Radioaetive isotopes emit partieles as they break down. When those partieles strike atoms in living eells, they 
injure or kill the eells. Knowing this, doetors often use radiation to treat patients with eaneer. In faet, about half of 
all eaneer patients reeeive some type of radiation therapy as part of their treatment. While radiation damages 
healthy eells along with the eaneer eells, most healthy eells ean reeover from the effeets of the radiation. The goal 
of the therapy is to damage as many eaneer eells as possible while limiting the damage to nearby healthy tissue. 

The type of radiation therapy given depends upon the type and loeation of the eaneer as well as the goal of 
treatment. Sometimes the goal is to eompletely destroy the tumor. Other times, the goal is simply to shrink the 
tumor to help relieve symptoms. 

Most often, a maehine is used to deliver radiation to the outside of the body. Sometimes radiation may be 
implanted direetly inside the tumor in the form of a tube, wire, capsule, or seeds. Radioaetive material also may 
be administered orally or through an intravenous eatheter. A new method of radiation therapy involves injeeting 
tumor-specific antibodies that have been attaehed to a radioaetive substance. Onee inside the body, the 
antibodies seek out eaneer eells, which are then destroyed by the radiation. 


ehemieal Bonds 



An atom with a full outer shell is said to be stable. Most atoms are not stable, and theyre drawn to 
other atoms as they attempt to lose, gain, or share the eleetrons in their outer shells (ealled valenee 
eleetrons) so as to beeome stable. For example, an atom with seven eleetrons in its outer shell will 




be attraeted to an atom with one eleetron in its outer shell. By joining together, they both end up 
with eight eleetrons in their outer shells. This type of interaetion results in a molecule: a partiele 
eomposed of two or more atoms united by a ehemieal bond. The three types of ehemieal bonds are 
ionie bonds, eovalent bonds, and hydrogen bonds. 
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Ionie Bonds 


Ionie bonds are formed when one atom transfers an 
eleetron from its outer shell to another atom. Because 
eleetrons are negatively eharged, when an atom gains or 
loses an eleetron, its overall eharge ehanges from neutral to 
either positive or negative. These eleetrieally eharged atoms 
are ealled ions. Atoms having a positive eharge are eations; 
those with a negative eharge are anions. 

Following is an example of a eommon ionie bond. 



ANIMATION0 



Sodiiim has 11 eleetrons in three 
eleetron shells: two in the first 
shell, eight in the seeond, and 
one in the third. If sodium ean 
lose the one eleetron in its outer 
shell, the seeond shell with 8 
eleetrons will beeome the outer 
shell, and the atom will be stable. 


Chlorine has 17 eleetrons: two 
in the first shell, eight in the 
seeond, and seven in the third. 
If it ean gain one more 
eleetron, its third shell will be 
full and it, too, will be stable. 



Sodium transfers its one valenee eleetron to ehlorine. 



ehlorine has 17 protons and 18 
eleetrons, giving it a negative 
eharge. Called ehloride, this ion 
is symbolized as Cl _ . 

The positively eharged sodium ion (Na + ) is attraeted to the 
negatively eharged ehloride ion (CI _ ).The eleetrostatie foree draws 
the two atoms together, forming an ionie bond, which results in 
sodium ehloride (NaCI): ordinary table salt. 


Sodium now has 11 protons in 
its nucleus and 10 eleetrons. As a 
result, it is an ion with a positive 
eharge, symbolized as Na + . 


Ions are not always single atoms; some, such as 
biearbonate (HeO^ - ), are groups of atoms that have 
beeome eharged. 


Ionization 

When dissolved in water, ionie bonds tend to break, or 
dissoeiate, ereating a solution of positively and negatively 
eharged ions thats eapable of conducting eleetrieity. Also 
ealled ionization, this proeess ean be illustrated by plaeing 
salt in water. 


NaCI erystal 


NaCI in water 


Water 

molecule 



As the soltdissolves, the ionie bonds of NaCI dissoeiate into separate 


partieles of Na + and Cl . 


Compounds (such as NaCl) that ionize in water and 
ereate a solution eapable of conducting eleetrieity are ealled 
eleetrolytes. Eleetrolytes are erneial for heart, nerve, and 
muscle function; the distribution of water in the body; and 
the occurrence of ehemieal reaetions. A few of the body’s 
major eleetrolytes include calcium ehloride (ead^), 
magnesium ehloride (MgO^), potassium ehloride (KC1), 
and sodium biearbonate (NaHeO^). 

Maintaining eleetrolyte balanee is a top priority in 
patient eare. imbalanees in eleetrolytes ean cause problems 
ranging from muscle eramps to eardiae arrest. 



To remember the differenee betvveen eotions ond onions, 
think oboot this: Cotions sounds like "eotsfond eots hove 
povvs; eotions ore paws itive. Anions sounds like "onions," 
ond onions mokeyou ery; onions ore negotive. 

Toking it one step further, eotions (vvhieh ore positive) 
contribute eleetrons, vvhereos anions (vvhieh ore negotive) 
aeeept eleetrons. 
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Covalent Bonds 

Covalent bonds are formed when two atoms share one or 
more pairs of eleetrons as they attempt to fill their outer 
shells. The major elements of the body (earbon, oxygen, 
hydrogen, and nitrogen) almost always share eleetrons to 
form eovalent bonds. For example, 



atom atom 



• Hydrogen has one shell with one eleetron. The inner 
shell would be full, and the atom stable, if it had two 
eleetrons. 

• If two atoms of hydrogen share their one eleetron, a 
single eovalent bond exists and hydrogen gas (H 2 ) is 
formed. 

Double eovalent bonds may also occur, in which atoms 
are bound together through the sharing of two eleetrons. 
Carbon dioxide is one example of a double eovalent bond. 


Oxygen atom Oarbon atom Oxygen atom 



0 = 0 = 0 


Oarbon dioxide molecule (C0 2 ) 

• Oxygen needs two eleetrons to eomplete its outer 
shell. Carbon needs four eleetrons to eomplete its 
outer shell. 

• When one earbon atom shares one pair of eleetrons 
with two oxygen atoms—eompleting the outer shells 
for all three atoms—a molecule of earbon dioxide is 
formed. 





The Body AT WORK 

Covalent bonds are stronger than ionie bonds, and 
they're used to ereate manyofthe ehemieal 
structures found in the body. Forexample, proteins 
and earbohydrates are formed through a series of 
eovalent bonds. The faet that eovalent bonds don't 
dissolve in vvater allovvs molecules to exist in the 
fluid environment ofthe body. 


Hydrogen Bonds 

Whereas a eovalent bond forms a new molecule, a 
hydrogen bond does not. Rather, a hydrogen bond is a 
weak attraetion between a slightly positive hydrogen atom 
in one molecule and a slightly negative oxygen or nitrogen 
atom in another. Water is a prime example of how 
hydrogen bonds function. 


ANIMATION © 


Water eonsists of two hydrogen atoms bonded (with 
eovalent bonds) to an oxygen atom. 

In the bonding proeess, 
oxygen shared two of the 
eleetrons in its outer shell 
with hydrogen. Even after 
bonding, it has four addi- 
tional eleetrons in its outer 
shell. These unpaired elee- 
trons give water a partial 
negative ( © ) eharge near 
the oxygen atom. 

At the same time, the two 
hydrogen atoms ereate a 



O 


slight positive (©) eharge 
on the other side of the 
molecule. 

Therefore, although water 
is eleetrieally neutral, it has 
an uneven distribution of 
eleetrons. This makes it a 
polar molecule. 

The partially positive oxygen side of one water 
molecule is attraeted to the partially negative hydrogen 
side of another molecule. This attraetion results in a 
weak attaehment (hydrogen bond) between water 
molecules. 



Hydrogen bond 



• The ability of water molecules to form hydrogen 
bonds with other water molecules gives water many 
unique qualities important for human life. (The 
properties of water will be discussed in more detail 
later in this ehapter.) 
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The mieroseopie world of atoms and ehemieal bonds forms the foundation of life. These substances 
are eonstantly at work, ereating the preeise internal environment for survival and providing eells and 
organs with the energy they need to function. 

Energy 

Energy is the eapaeity to do work: to put matter into motion. In the body, this could mean moving 
a muscle or moving a blood eell. The body works continually—pumping blood, ereating new eells, 
filtering out waste, producing hormones—and therefore needs a eonstant supply of energy. 

In the human body, energy is stored in the bonds of molecules. This is ealled potential energy 
because it has the potential to do work; ifs just not doing work at that moment. Chemical reaetions 
release the energy and make it available for the body to use. Energy in motion is ealled kinetie 
energy. 

Some of the other types of energy include radiant energy (the heat resulting from molecular 
motion) and eleetrieal energy. Eleetrieal energy ean be potential energy (such as when eharged 
partieles accumulate on one side of a eell membrane) or kinetie (when the ions move through the 
eell membrane). 



That Makes Sense 

Forpotential energy, thinkofa bovvand arrowpulled 
taut. The potential for energy to be produced is there, 
but it's not doing work at the moment. For kinetie 
energy, thinkofthatsamearrowsailing forward, on its 
way to pieree a target. 


Metabolism 

The sum of all the ehemieal reaetions in the body is ealled metabolism. (Metabolism will be 
discussed in more depth in Chapter 21, Nntrition & Metabolism.) There are two types of metabolie 
aetivity: 

1. Catabolism 

• This involves breaking down complex compounds (such as large food molecules) into simpler 
ones. 

• The breaking of ehemieal bonds releases energy. 

• Some of the energy released is in the form of heat, which helps maintain body temperature. 

• Most of it is transferred to a molecule ealled adenosine triphosphate (ATP), which, in turn, 
transfers the energy to the eells. (ATP will be discussed in more detail later in this ehapter.) 

2. Anabolism 

• This involves building larger and more complex ehemieal molecules (such earbohydrates, 
lipids, proteins, and nucleic aeids) from smaller subunits. 

• Anabolie ehemieal reaetions require energy input. 

• The energy needed for anabolie reaetions is obtained from ATP molecules. 
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Chemical Reaetions 

Chemical reaetions involve the formation or breaking of ehemieal bonds. The course of a ehemieal 
reaetion is written as a ehemieal equation, with the reaetants on the left and an arrow pointing to 
the products of the reaetion on the right. Three types of ehemieal reaetions are synthesis reaetions, 
deeomposition reaetions, and exchange reaetions. 


Types of Chemical Reaetions 


Reaetion 

Synthesis 


Deeomposition 


Exchange 


Deseription Formula 

• Two or more substances eombine to form a A + B -* AB 
different, more complex substance. 

• Because new bonds are formed, energy is 
required. 

• A complex substance breaks down into two or AB -* A + B 
more simpler substances. 

• Because bonds are broken, energy is released; 
this energy ean be released in the form of heat 
or stored for future use. 


• Two molecules exchange atoms or groups of AB + CD -> AC + BD 
atoms, which form two new compounds. 


Example 

Production of eollagen-rieh scartissue in a 
healing wound 


Breakdown of a complex nutrient within a 
eell to release energy for other cellular 
functions 


VVhen hydroehlorie aeid (HCI) and sodium 
biearbonate (NaHC0 3 ) meet in the small 
intestine, the sodium and ehlorine atoms 
exchange, producing salt and biearbonate: 
NaHC0 3 + HCI -> NaCI + H 2 C0 3 


Reversible reaetions ean go in either direetion under different circumstances. Many synthesis, deeomposition, and 
exchange reaetions are reversible. These reaetions are symbolized by arrows pointed in both direetions: 


A + B 


AB 


FAST FACT 


Reversible reaetions always proeeed 
from the side with the greater 
quantity of reaetants to the side 
with the lesser quantity of reaetants. 




The Body AT WORK 

Molecules—including the molecules in the body — are eonstantly 
moving. When mutually reaetive molecules eollide with eaeh 
other—in just the right way with the rightamount offoree — 
a reaetion occurs. Faetors that affeet reaetion rates are: 

• Temperature: Fieatspeeds up molecular movemenf 
inereasing the frequency and foree ofeollisions between 
molecules. 

• Concentration: In eoneentrated solutions, molecules are more 
densely paeked, inereasing theirrateofeollision. 

• Catalysts: These are ehemieal substances that speed up 
the rate ofa reaetlon. Proteln eatalysts are ealled enzymes. 
Most metabolie reaetions inside eells are eontrolled by 
enzymes. 
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Most of the moleetiles of the body form organie eompoimds, which are compounds eontaining earbon. However, inorganie 
compounds, which are simple molecules without earbon, are no less important to the maintenanee of life. 

inorganie Molecules 

Inorganie molecules essential to human life include water, oxygen, and earbon dioxide as well as aeids and bases. 

Water 

Fifty pereent or more of an adult’s body weight is water: it exists within and around eells 
and is an essential eomponent of blood. Unlike any other fluid, water has a number of 
eharaeteristies that make it essential for life. 


Characteristics of Water 


eharaeteristie 

Water is a solvent —Water dissolves more substances than any other 
liquid. 

Water is a lubricant —Water elings to the body's tissues and forms a 
lubricating film on membranes. 

Water ehanges temperature slowly —Water ean absorb and release 
large amounts of heat without ehanging temperature. 


How It Works in the Body 

Because of its polar nature, water ean ionize, or break down, large 
ehemieal compounds and then transport them to the body's eells, 
which need them to function. 

Water elinging to the pleural and perieardial membranes helps reduce 
frietion as the lungs and heart expand and eontraet. Also, fluid within 
the joint eavities prevents frietion as the bones move. 

This eharaeteristie allows the body to maintain a stable body 
temperature. It also allows the bodyto"cool off"when overheated. 
Speeifieally, when water in the form of sweat ehanges from a liquid to a 
vapor, it earries with it a large amount of heat. 


FAST FACT 


i 


Body Fluids 

The fluids in the body eonsist of ehemieals dissolved or suspended in water. 

Therefore, the fìrst step in learning about body fluids is to understand the 

differenee between a mixture and a compound. 

• Compound: When two or more elements eombine to ereate a new 
substance that has its own ehemieal properties. 

• Example: The elements Na and C1 are, by themselves, poisonous; 
however, when they eombine, they ereate the compound table salt, 
which is essential for life. 

• Example: Water, too, is a molecular compound, resulting from the 
ehemieal eombination of hydrogen and oxygen. 

• Mixture: Results when two or more substances blend together rather than 
ehemieally eombine. Eaeh substance retains its own ehemieal properties, 
and, because they’re not ehemieally eombined, the substances ean be 
separated. 

• Example: When you’re serambling eggs and you add salt, you’re 
ereating a mixture. The eggs still taste like eggs, and they retain all the 
properties of an egg; they just have an additional taste of salt. 


Nearly every metabolie reaetion in 
the body depends upon the 
solveney of water. 
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Types of Mixtures 

Mixtures of substances in water ean be solutions, eolloids, and suspensions. 



■ 



Solution 

• A solution eonsists of partieles of matter, ealled the solute, dissolved in a more abundant 
substance—usually water—ealled the solvent. 

• A solution ean be gas, solid, or liquid. 

• The solvent must be elear—with none of the partieles visible—and the partieles ean't 
separate out of the solvent when the solution is allowed to stand. 

• Examples: Sugar in water; glucose in blood 



Colloid 

• ln the human body, these are usually mixtures of protein and water. 

• Colloids ean ehange from liquid to a gel. 

• The partieles are small enough to stay permanently mixed, but large enough so that the 
mixture is cloudy. 

• Examples: Gelatin; thyroid hormone (as stored in the thyroid gland) 



Suspension 

Suspensions eontain large partieles, making the suspension cloudy or even opaque. 

If allowed to stand, the partieles will separate and settle at the bottom of the eontainer. 
Examples: Salad dressing; blood eells in plasma 


Oxygen and Carbon Dioxide 

Oxygen and earbon dioxide are two inorganie substances involved in the proeess of cellular 
respiration—the production of energy within eells. Cells need oxygen to break down nutrients 
(such as glucose) to release energy. In turn, the proeess releases earbon dioxide as a waste product. 
Although it’s a waste product, earbon dioxide plays a erneial role in the maintenanee of aeid-base 
balanee. 
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Aeidsy Basesy andpH 


Aeids and bases are among the most important ehemieals in the body. For the body to ftmetion 
properly, it must maintain a very preeise balanee between these two ehemieals. (For more 
information on aeid-base balanee, see Chapter 19, Fluid, Eleetrolyte , & Aeid-Base Balanee.) 

Seientists have long known that aeids and bases are ehemieal opposites: aeids taste sour, while 
bases taste bitter; aeids turn litmus paper red, while a base will turn it blue. Aeids and bases both 
dissoeiate in solution, but when they do, they release different types of ions. 


Aeids 

An aeid is any substance that releases a hydrogen ion (H + ) when dissolved 
in water. Because they relinquish an H + ion, aeids are sometimes ealled 
proton donors. 


The more hydrogen ions (H + ) 
produced, the stronger the aeid. 



Strong aeid 

When hydroehlorie aeid (HCI) is dissolved in water, it dissoeiates 
into H + and Cl” ions. A strong aeid (like HCI) eompletely dissoeiates 
into H + and an ion. 



Weakacid 

ln eontrast, earbonie aeid (H 2 C0 3 ) dissoeiates very little and 
produces few excess H + ions in solution.The faet that it produces 
few H + ions makes it a weak aeid. 


Bases 

Bases, or alkaline compounds, are ealled proton aeeeptors. In general, 
bases balanee out aeids by “aeeepting” excess hydrogen ions. 






Base 


Na + + Cr 
OH~ + H + - 



Aeid + Base 


A eommon base ealled sodium hydroxide (NaOH) dissoeiates into 
Na + and OH~ when dissolved in water. 


T FACT 


The greater the eoneentration of OH ions, the 
stronger the base. 


If an aeid like HCI were to be introduced into this solution, the HCI 
would also dissoeiate.The solution would then have H + ions, 

C|- ions, Na + ions, and OH“ ions.The OH“ ions would aeeept H + 
ions, forming H 2 0 and reducing the aeidity of the solution.The Na + 
and C|- ions would also eombine, forming NaCI (salt). 
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The pH Seale 

The aeidity or alkalinity of a substance is expressed in terms 
ofpH. The pH seale ranges from 0 to 14. 


FAST FACT 



pH is an abbreviation for the phrase 
“the power of hydrogen.” 


A solution with a pH less than 7 is aeidie. The lower the 
pH value, the more H + ions the solution has and the 
more aeidie it is. 


Solutions with a pH greaterthan 7 are basie (alkaline). 
The higher the pH value, the more OH“ ions the 
solution has, and the more alkaline it is. 



AST FACT 


Eaeh number on the pH seale represents a 10-fold 
ehange in H + eoneentration. In other words, a 
solution with a pH of 3 is 10 times more aeidie 
than a solution with a pH of 4 and 100 times 
more aeidie than one with a pH of 5. Therefore, 
even slight ehanges in pH represent signifieant 
ehanges in H + eoneentration. 








0 


2 


3 


4 



A solution with a pH of 7 is neutral, eontaining equal 


numbers of H + and OH“ ions. 



6 


7 



9 


10 


11 


12 


13 


14 


The Body AT WORK 

The normal pH range ofhuman blood is 
extremely narrovv: ranging from 7.35 to 7.45. Even 
slight deviations ofpH ean seriously disrnpt 
normal bodyfunction. Substances ealled buffers 
help the body aehieve this goal by donating or 
removing H + ions as neeessary to keep the pH 
vvithin the normal range. {For more information 
on buffers andpH balanee, see Chapter 19, Fliiid, 
Eleetrolyte, & Aeid-Base Balanee.) 


Hydroehlorie aeid 

( 0 ) 


Gastrie aeid 
(0.9-3.0) 




Lemon juice 
(2.3) 



Wine, vinegar 
(2.4-3.5) 



Bananas, tomatoes 

(4.7) 


Bread, blaek eoffee 

(5.0) 




Milk, saliva 
(6.3-6.6) 
Pure water (7.0) 

Blood 

(7.3-7.5) 



Egg white 

( 8 . 0 ) 


Household bleaeh 

(9.5) 



Household ammonia 
(10.5-11.0) 



Hair remover 
(12.5) 



[fflí# 



Oven eleaner, lye 

(13.4) 



(NaOH) Sodium hydroxide 

(14.0) 


•VEít 
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Organie Compounds 

The term organie is used to deseribe the vast array of compounds eontaining earbon. Carbon serves as the basis for 
thousands of molecules of varying size and shape. In the human body, the four major groups of organie substances are 
earbohydrates, lipids, proteins, and nucleic aeids. 


Carbohydrates 



Carbohydrate 

molecule 


Commonly ealled sugars or starehes, earbohydrates are the body’s main energy source. The body obtains 
earbohydrates by eating foods that eontain them (such as potatoes, vegetables, riee, ete.). Then, through 
metabolism, the body breaks down earbohydrates to release stored energy. 

All earbohydrates eonsist of earbon, hydrogen, and oxygen; the earbon atoms link with other earbon 
atoms to form ehains of different lengths. The ehains eonsist of units of sugar ealled saeeharide units. 
Carbohydrates are elassifìed aeeording to the length of their sugar units as being either monosaeeharides, 
disaeeharides, or polysaeeharides. 


Monosaeeharides 

Contain one sugar unit. 


CH 9 0H 



Glucose 


There are three primary 

monosaeeharides: 

• Gliieose: the primary source of 
energy used by most of the body's 
eells 

• Fmetose: found in fruit; it's 
eonverted to glucose in the body 

• Galaetose: found in dairy 
products; it's also eonverted to 
glucose in the body 


Disaeeharides 

Contain two sugar units. 


Three important disaeeharides are: 

• Sucrose (table sugar) = 
glucose + fmetose 

• Laetose (milk sugar) = 
glucose + galaetose 

• Maltose (found in germinating 
wheat) = glucose + glucose 





Glucose, fructose, and galaetose are six-carbon sugars: they 
eontain 6 earbon atoms, 12 hydrogen atoms, and 6 oxygen 
atoms and have the formula e^H^O^. Two important 
monosaeeharides—ribose and deoxyribose—have five 
earbon atoms. These sugars are eomponents of RNA and 

DNA. 


Polysaeeharides 

Consist of many sugar units joined together in straight 
ehains or complex shapes. 



Commonly ealled complex earbohydrates, 

polysaeeharides include: 

• Glyeogen: the stored form of glucose 

• When glucose levels are high (such as after 
eating), the liver eonverts excess glucose into 
glyeogen, which it stores. 

• When glucose levels drop (such as between 
meals), the liver eonverts glyeogen baek into 
glucose and releases it into the blood to keep 
blood glucose levels within normal limits and 
provide eells with a eonstant supply of energy. 

• The muscles also store glyeogen to meet their 
energy needs. 

• Stareh: the form in which plants store 

polysaeeharides 

• Riee, potatoes, and eorn are examples of foods 
high in stareh. 

• When consumed, digestive enzymes split the 
stareh molecule, releasing glucose. 

• Cellulose: produced by plant eells as part of their 

eell walls 

• Humans ean't digest cellulose and, therefore, 
don't obtain energy or nutrients from it. 

• Even so, cellulose supplies fiber in the diet, which 
helps move materials through the intestines. 
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Lipids 

Composed mosdy of earbon, hydrogen, and oxygen, lipids are a large and diverse group. The one eharaeteristie these 
organie molecules have in eommon is that they’re insoluble in water. 

Lipids serve several major roles, including being a reserve supply of energy, providing structure to eell membranes, 
insulating nerves, serving as vitamins, and aeting as a cushion to proteet organs. Types of lipids include triglyeerides, 
steroids, and phospholipids. 

Triglyeerides 

Triglyeerides—the most abundant lipid—function as a eoneentrated source of energy in the body. Also ealled fats, 
triglyeerides result when one molecule of glyeerol eombines with three fatty aeids (henee, the name ínglyeeride). Fats ean be 
elassified as saturated or unsaturated , depending on their molecular confìguration. 


Saturated fatty aeids Unsaturated fatty aeids 


OHHHHHHHHHHHHHHH 
II I I I I I I I I I I I I I I I 

HO—C—C—C—C—C—C—C—C—C—C—C—C—C—C—C—C—H 

I I I I I I I I I I I I I I I 

HHHHHHHHHHHHHHH 


Palmitie aeid (saturated) 



• Oonsist of earbon atoms that are saturated with hydrogen 
atoms: eaeh earbon atom in the hydroearbon ehain is bonded 
to the maximum number of hydrogen atoms by single eovalent 
bonds 

• Form a solid mass at room temperature (because the linear 
structure of the ehains allowsthem to paekelosely together) 

• Usually derived from animal sources 

Steroids 

Steroids are a diverse group of lipids that fìilfill a wide 
variety of roles. The most important steroid—the one from 
which all other steroids are made—is eholesterol. While 
high eholesterol levels have been implieated in heart 
disease, it remains an important eomponent of the body. 
For example, eholesterol: 

• is the precursor for other steroids, including the sex 
hormones (estrogen, progesterone, and testosterone), 
bile aeids (that aid in fat digestion and nutrient 
absorption), and eortisol 

• contributes to the formation of vitamin D 

• provides eaeh eell with its three-dimensional structure 

• is required for proper nerve fìmetion. 

About 85% of eholesterol is synthesized in the liver; the 
remaining 15% is consumed through diet. 


OHHHHHHH H H H H HHH 
II I I I I I I I II II III 

HO—C—C—C—C—C—C—C—C— C=C— C— C=C— C— C=C— C—C—H 

I I I I I I I I II II II 
HHHHHHHH H H H H H H 


Linolenie aeid (unsaturated) 



• Consist of earbon atoms that are not saturated with hydrogen 
atoms: the hydroearbon ehain eontains one or more double 
bonds 

• Are liquid at room temperature (because kinks in the ehain 
caused by the double bonds prevent the molecules from 
paeking tightly together) 

• Called oils 

• Derived mostlyfrom plantsources 

Phospholipids 

These fat compounds are similar to triglyeerides, except 
that phospholipids have a phosphate group in plaee of one 
of the fatty aeids. Phospholipids help form the structure of 
eell membranes. 















31 


Proteins 

Proteins are the most abtmdant, and most important, organie compounds in the body. The structure 
of every eell, not to mention most of its metabolie functions, depend on proteins. Here are a few of 
the body’s proteins along with their contributions: 


• Keratin gives strength to nails, hair, and skin surface. 

• Collagen lends structure to bones, eartilage, and teeth. 

• Antibodies defend the body against baeteria. 

• Enzymes aet as eatalysts for erneial ehemieal reaetions. 

• Contractile proteins promote muscle eontraetion. 

• Hemoglobin earries oxygen in the blood. 

• Hormones, such as insulin, serve as ehemieal messengers to eells throughout the body. 


Proteins are very large molecules eonsisting of smaller ehemieal subunits ealled amino aeids. All 
amino aeids eontain earbon, oxygen, hydrogen, and nitrogen; some are modified by the addition of 
sulfur, iron, and phosphoms. There are 20 different amino aeids; 11 ean be manufactured by the 
body, while nine must be obtained from food. All amino aeids have a eentral earbon atom with an 


amino group (NH 3 ) and a carboxyl group (COOH) bonded to it. 







The Body AT WORK 

Normal body function depends on proteins. The eontraetion ofmuscles, the metabolie reaetions thatoccur inside eells, 
and the ability ofthe body to fightoffforeign invaders arejusta fewoftheproeesses thatdependon proteins. Eaeh protein 
eonsists ofvarious eombinations ofdifferentamino aeids. Although allofthese amino aeids are essential to the body, the 
11 amino aeids listed below on the left are ealled nonessential amino aeids beeaase they ean be manufactured by the 
body. Those on the rightare ealled essentialamino aeids beeaase it's essential forpeople to obtain them through food. 


11 Nonessential amino aeids 

Manufactured by body 

Alanine 

Arginine 

Asparagine 

Aspartie aeid 

Cysteine 

Glutamic aeid 

Glutamine 

Glyeine 

Proline 

Serine 

Tyrosine 


Nine Essential amino aeids 

Obtained through food 

Histidine 

lsoleucine 

Leucine 

Lysine 

Methionine 

Phenylalanine 

Threonine 

Tryptophan 

Valine 
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Protein Structure 

Amino aeids link to eaeh other through peptide bonds. 


The peptide bond forms 
when the carboxyl group 
of one amino aeid linksto... 



...the 


amino group 


of another 


amino aeid. In the proeess, a 
molecule of water is released. 



A short ehain of amino aeids linked by peptide bonds is ealled a polypeptide. A protein may eontain anywhere from 50 
to several thousand amino aeids. 

Eaeh protein has a unique three-dimensional shape, and it’s this shape that determines the proteins function. Because 
proteins fulfill roles ranging from the simple to the very complex, it makes sense that the structures of proteins range from 
the simple (primary structure) to the very complex (quaternary structure). 


The primary structure eonsists of a 
sequence of amino aeids in a ehain. 


The seeondary structure results when the 
amino aeid ehain folds or twists. 


The tertiary structure occurs when the 
seeondary structure twists or folds a 
seeond time, ereating a larger, 
three-dimensional structure. 


Amino aeids 


Peptide bonds 







Helix 




The quaternarystructure results when two 
or more separate folded ehains join 
together. 
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Nucleic Aeids 


The continuation of any speeies depends upon two types of nucleic aeids: DNA (deoxyribonucleic aeid) and RNA 
(ribonucleic aeid). These nucleic aeids eonsist of thousands and thousands of smaller molecules ealled nucleotides. The 
nucleotides are made of a five-earbon sugar (pentose sugar), a phosphate group, and one of several nitrogen bases. In DNA 
nucleotides, the sugar is deoxyribose; in RNA nucleotides, the sugar is ribose. 

DNA—the largest molecule in the body—earries the genetie eode for every hereditary eharaeteristie ranging from eye 
eolor to nose shape. RNA, which is usually a simple strand of nucleotides, eopies the genetie eode of DNA to direet protein 
synthesis. (For more information on RNA and DNA, see Chapter 3, Cells.) 


ATP 

Food provides the body with energy. Fiowever, even when food is broken down, eells ean’t use it direetly. Instead, eells tap 
into energy stored within a nucleotide ealled ATP (adenosine triphosphate). ATP stores the energy released from the 
breakdown of nutrients and provides it to fuel cellular reaetions. Here’s how it works: 


ANIMATION f i ATP eonsists of a base, a sugar, and three phosphate groups. 



The phosphate groups are eonneeted to eaeh other with When one of these bonds is broken through a ehemieal 

high-energy bonds. reaetion, energy is released that ean be used for work 


(such as muscle movement as well as the body's 
physiologieal proeesses). 



Afterthe bond is broken, adenosine ír/phosphate 
beeomes adenosine d/phosphate (ADP) and a single 
phosphate. 



Meanwhile, the eell uses some of the energy released from the 
breakdown of the nutrients in food to reattaeh the third phosphate 
to the ADP, again forming ATP. 



Most ATP is consumed within 60 seeonds of being formed. If the synthesis 
ofATP were to stop suddenly (which is what occurs in eyanide poisoning), 
death would occur within 1 minute. 
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Review of Key Terms 


Aeid: Any substance that releases 
hydrogen ions in solution 

Amino aeids: Organie compounds 
eontaining an amino (NH 2 ) group 
and a carboxyl (COOH) group that 
are the building bloeks of proteins 

Anabolism: The eonstmetive phase of 
metabolism during which eells use 
nutrients and energy for growth and 
repair 

Anion: An ion with a negative eleetrieal 
eharge 

Atom: The smallest part of an element; 


Compound: Chemical eombination of 
two or more elements 

Oovalent bond: Bond formed between 
two atoms when the atoms share one 
or more pairs of eleetrons 

Eleetrolyte: A compound that 
dissoeiates in water to ereate a 
solution eapable of conducting 
eleetrieity 

Eleetron: Minute partiele with a 
negative eleetrieal eharge that revolves 
around the nucleus of an atom 

Element: A substance that eannot be 


eonsists of a nucleus eontaining protons separated into substances different 
and neutrons surrounded by eleetrons 


Atomie number: The number of 
protons in the nucleus of an element 

Atomie weight: The number of 
protons and neutrons added together 

Base: Any substance that eombines 
with hydrogen ions 

Carbohydrates: Group of organie 
compounds known as starehes or 
sugars that serves as the body’s 
primary source of energy 

Catabolism: Phase of metabolism 
during which complex substances are 


from itself 

Enzymes: Substances that ehange the 
rate of ehemieal reaetions without 
being ehanged themselves 

Glucose: Monosaeeharide that serves 
as the primary source of energy for 
most of the body’s eells 

Hydrogen bond: A weak attraetion 
between a slightly positive hydrogen 
atom in one molecule and a slightly 
negative oxygen or nitrogen atom in 
another 

lon: Eleetrieally eharged atom 


eonverted to simpler ones, resulting in lonie bond: Bond formed when one 
the release of ehemieal energy 


Cations: An ion with a positive eleetrieal 
eharge 


atom transfers an eleetron from its 
outer shell to another atom 


Isotope: One of a series of ehemieal 
elements that have nearly identieal 
ehemieal properties but different 
atomie weights and eleetrieal eharges; 
many are radioaetive 

Lipid: Group of fats eharaeterized by 
their insolubility in water 

Matter: Anything that has mass and 
occupies spaee 

Metabolism: The sum of all the 
ehemieal reaetions in the body 

Molecule: A eombination of two or 
more atoms held together by ehemieal 
bonds 

Neutron: Partiele without an eleetrieal 
eharge eontained in the nucleus of an 
atom (along with protons) 

pH: A measure of the hydrogen ion 
eoneentration of a solution 

Proteins: Very large molecules 
eonsisting of smaller ehemieal 
subunits ealled amino aeids 

Proton: Partiele with a positive 
eleetrieal eharge eontained in the 
nucleus of an atom (along with 
neutrons) 

Triglyeeride: Most abundant lipid that 
functions as a source of energy in the 
body 



Own the Information 


To make the information in this ehapter part of your 
working memory, take some time to refleet on what you’ve 
learned. On a separate sheet of paper, write down 
everything you reeall from the ehapter. After you’re done, 
log on to the DavisT/í/j website, and eheek out the Study 
Group podeast and Study Group Questions for the ehapter. 


Key Topies for Chapter 2: 

• The differenee between matter, elements, and compounds 

• The main elements in the human body 

• The structure of atoms 

• Chemical bonds 

• Energy, metabolism, and ehemieal reaetions 

• Characteristics of water and the roles of water in the body 

• The differenee between compounds and mixtures 

• Aeids, bases, and pH 

• Types of earbohydrates and their roles in the body 

• Types of lipids and their roles in the body 

• The structure of protein 

• Nucleic aeids and ATP 
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Chapter 2 Ansivers 

1. Correct ansiver: d. Protons are partieles within an 
atom. An ionie bond is one type of bond, or foree 
of attraetion, that binds a moleetile’s atoms 
together. A moleetile is a eombination of two or 
more atoms held together by ehemieal bonds. 

2. Correct answer: d. Atomie weight is determined by 
adding the ntimber of protons and neutrons 
together. The number of eleetrons has nothing to 
do with an element’s atomie number. 

3. Correct answer: a. Covalent bonds are formed 
when two atoms share one or more eleetrons. Two 
anions do not form a bond, nor do they occur 
when elements are dissolved in water. 

4. Correct answer: b. Compounds that eontain an 
extra neutron are ealled isotopes. The building 
bloeks of proteins are amino aeids. Only ionie 
bonds dissoeiate in water. 

5. Correct answer: a. Anabolism involves building 
larger and more complex ehemieal molecules (such 
as earbohydrates, lipids, proteins, and nucleic 
aeids) from smaller subunits. The term metabolism 
is used to deseribe all the ehemieal reaetions in the 
body. Ionization is when ionie bonds break or 
dissoeiate in water. 

6. Correct answer: e. Carbohydrates, proteins, and 
lipids are all organie compounds. 

7. Correct answer: d. A base aeeepts excess hydrogen 
ions. A salt is a ehemieal compound resulting from 
the interaetion of an aeid and a base. An 
eleetrolyte is a compound that dissoeiates in water. 

8. Correct answer: b. Proteins and lipids ean also be 
used for energy, but neither is the body’s main 
source for energy. Water is neeessary for life, but it 
is not a source of energy. 

9. Correct answer: d. Stareh is another name for a 
complex earbohydrate, or polysaeeharide. 

Galaetose and glucose eombine to form laetose. 
Cellulose is a polysaeeharide produced by plant 
eells and is a source of fiber in the diet. 

10. Correct answer: e. Cells use some of the energy 
released from the breakdown of nutrients in food 
to reattaeh the third phosphate to the ADP after it 
has broken. ATP is not found in the diet. Cells 
require a eonstant supply of energy. 


1. A ehemieal compound eontains 
at least two: 

a. protons. 

b. ionie bonds. 
e. molecules. 

d. elements. 

2 . The atomie number of an 
element is determined by: 

a. the number of eleetrons it 
eontains. 

b. the number of neutrons in the 
nucleus. 

e. its atomie weight. 

d. the number of protons in the 
nucleus. 

3 . ionie bonds are formed when: 

a. one atom transfers an eleetron 
from its outer shell to another 
atom. 

b. two atoms share one or more 
pairs of eleetrons. 

e. two anions meet. 

d. two elements are dissolved in 
water. 

4 . Eleetrolytes are: 

a. elements that eontain an extra 
neutron. 

b. compounds that dissoeiate in 
water. 

e. the building bloeks of protein. 

d. atoms joined together by 
eovalent bonds. 

5 . What is the name of the proeess 
used to break down complex 
compounds into simpler ones to 
release energy? 

a. Catabolism 

b. Anabolism 

e. Metabolism 
d. Ionization 


6 . Which is the most abundant 
inorganie compound in the 
body? 

a. Carbohydrates 

b. Proteins 
e. Water 

d. Lipids 

7 . Which type of substance releases 
a hydrogen ion when dissolved in 
water? 

a. Base 

b. Salt 

e. Eleetrolyte 

d. Aeid 

8 . What is the body’s main source 
of energy? 

a. Proteins 

b. Carbohydrates 

e. Lipids 

d. Water 

9 . The body stores glucose in the 
form of: 

a. stareh. 

b. galaetose. 

e. cellulose. 

d. glyeogen. 

10. How do eells obtain the energy 
they need? 

a. They reeeive energy direetly 
from the eatabolism of 
nutrients from food. 

b. They reeeive energy when ATP 
is ingested in the diet. 

e. They reeeive energy when the 
phosphate bonds of ATP are 
broken. 

d. Cells don’t need an outside 
supply of energy. 



Go to http://davisplus.fadavis.com Keyvvord: 

hompson to see all of the resources available 
with this ehapter. 


CHAPTER 2 ehemistry of Life 










CHAPTER OLITLINE 

LEARNING OUTCOMES 

Cell Variations 

1. Explain the reason for the variation in eell 

Cell Structure 

shape. 

MovementThrough Cell Membranes 

2. Identify the basie structures of a eell. 

Cellular Grovvth and Reproduction 

3. Deseribe the structure of the plasma 
membrane. 

Protein Synthesis 

4. Summarize the role of phospholipids, proteins, 

Cell Growth and Reproduction 

and earbohydrates in the plasma membrane. 

5. Discuss what is meant by the term "seleetively 
permeable." 

6. Deseribe the structure and function of the 
nucleus. 

7. Identify and explain the functions of the 
main organelles of a eell, including the 
endoplasmie retieolom, Golgi apparatus 7 
eentrioles, lysosomes, and mitoehondria. 

8. Reeall the structure and function of mierovilli, 
eilia, and flagella. 

9. Discuss the meehanisms used to move 
substances baek and forth aeross a plasma 
membrane, including diffusion, osmosis, 
filtration, faeilitated diffosion, aetive transport, 
and transport by vesieles. 

10. Define osmolarity and tonieity, and eompare 
the effeets of isotonie, hypertonie, and 
hypotonie solutions. 

11. Deseribe the structure of DNA, and explain its 
importanee. 

12. Deseribe the structure of RNA, and identify the 
three key ways it differs from DNA. 

13. Discuss the roles of DNA and RNA in protein 
synthesis. 

14. Deseribe the proeess of transeription and 
translation. 

15. Deseribe the events of the eell eyele, including 
the events of mitosis. 
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The adtilt hiiman hody eontains over 100 trillion eells. About three 
hillion ofthose eells die—and most are replaeed—every minnte. 


o 


Cells are the simplest units of all living matter. Some (such as mieroseopie amoeba and baeteria) exist as independent 
organisms. Others (such as the eells of the human body) function only when part of a larger organism. These tiny forees of 
life do more than give the body structure. They also orehestrate all of the proeesses that make life possible: respiration, 
movement, reproduction, digestion, and excretion. 

The body employs a vast array of eell types to aeeomplish these varied tasks. In faet, the human body eonsists of about 
200 different types of eells. These eells vary greatly in size and shape, both of which are dietated by the eells function. 



Cell Variations 


While human eells vary in size and shape, all are mieroseopie. Most range in size from 10 to 15 mierometers. (A mierometer 
is 1/1000 millimeter.) A blood eell measures 7.5 mierometers in diameter, while a human egg, or ovum, is much larger, at 
about 100 mierometers—or about the size of the period at the end of this sentenee. In eontrast, a nerve eell may have 
extensions up to a meter in length. In every instanee, though, a eell’s function dietates its form. 



Types of Cells 



Cell Type 

Nerve eells 



Speeial Features 

Long extensions allow these eells to quickly transmit 
eleetrieal impulses from one part of the body to 
another. 


Muscle eells 



Elongated, thread-like fibers ean shorten to allow 
body parts to move. 


Red blood eells 



Concave shape allows these eells to bend and 
squeeze through tiny blood vessels. 


Gland eells 



lntracellular saes store and release substances, 
such as hormones, enzymes, mucus, and sweat 


lmmune eells 



■ ■ '&i. 





These eells ean reeognize and destroy foreign 
invaders (such as vimses, fungi, and baeteria). 
Some engulf or destroy foreign eells direetly; 
others manufacture antibodies. 




















The invention of the transmission eleetron mieroseope (TEM) has transformed how seientists view eells. For years, seientists 
thought that a simple mixture of ehemieals fìlled the spaee between a eells membrane and its nucleus. They now know, 
however, that the inner workings of a eell are much more complex and that eells eontain a number of highly speeialized 
structures. 

The following illustration showcases the most important structures of many different types of eells. Keep in mind that 
this is a representative rather than an actual eell. No single eell eontains all of the speeialized eomponents found in the many 
different eells of the body. 

The basie structures of the eell are: 


Mitoehondrion 


Plasma membrane: The 

boiindary of the eell 


Nucleus: 

The eenter 
of the eell 


Nuclear 

envelope 

Nuclear 


pores 


Nucleolus 


Vesiele 


Centrioles 


apparatus 


Smooth endoplasmie 
reticulum 


Rough endoplasmie 
reticulum 


Cytoplasm: A gel-like substance 
surrounding the nucleus and paeked 
with various organelles and molecules, 
eaeh of which serves a speeifie function 



Mierofilaments 


Microtubules 


Lysosome 
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Plasma Membrane 

Surrounding the eell is the plasma membrane. Besides defining the boundaries of the eell, the plasma membrane regulates 
the passage of substances into and out of the eell. The plasma membrane eonsists of phospholipids, eholesterol, and protein. 



Cytoplasm 


The Body AT WORK 

The phospholipids and proteins forming the 
membrane are not stationary; they slovvly move, 
vvhieh keeps the membrane fluid. The plasma 
membrane is also like a pieket fenee as opposed to 
a vvall. This gives the membrane its eharaeteristie of 
seleetive permeability, meaning thatsome 
substances, such as lipid-soluble molecules, pass 
through easily, vvhile others do not. The varioas 
meehanisms the bodyases to transport substances 
into and out ofeells vvill be discussed later in this 
ehapter. 


Phospholipids, which have a head and twin tails, 
form the bulk of the eell membrane.The heads 
are"water loving"(hydrophilie), while the tails 
are"water fearing"(hydrophobic). In an effort to 
keep their heads faeing water, and their tails 
away from water, the phospholipids position 
themselves in a double layer (ealled a bilayer): 
the heads of some of the phospholipids point 
toward the fluid-filled eell interior while others 
point toward the fluid surrounding the eell's 
exterior. As a result, the tails point toward eaeh 
other, forming a"hydrophobic"core. 


Extracellular fluid 

Carbohydrate 

ehains_ 0 e 


Proteins are embedded in various spots in the membrane and 

fulfill a number of roles. 


Most proteins 

Some proteins 

Many proteins have 

pass all the way 

attaeh to the 

earbohydrates attaehed 

through the 

surface ofthe 

totheir outer surface 

membrane and 

membrane, 

(forming glyeoproteins). 

aet as ehannels, 

where they serve 

Glyeoproteinsaetas 

allowing solutes 

as reeeptors for 

markers to helpthe 

to pass in and 

speeifìe 

body distinguish its 

out of the eell. 

ehemieals or 

own eells from foreign 


hormones. 

invaders. 


Seattered within the phospholipid 
molecules are eholesterol molecules. 
Cholesterol helps stiffen and strengthen 
the plasma membrane. 
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A 


Nucleus 

The eentral and most important part of the eell is the nucleus. The nucleus is the eell’s eontrol eenter: this mieroseopie 
structure eontains all of a eells genetie information. Most eells have only one nucleus, although a few (such as some liver 
eells and skeletal muscle eells) eontain multiple nuclei. Mature red blood eells are the only eells that dont eontain a nucleus 



A double-layered membrane ealled the nuclear 
envelope surrounds the nucleus. 


Perforating the nuclear envelope are nuclear pores. 
These pores regulate the passage of molecules into 
the nucleus (such as those needed for construction 
of RNA and DNA), as well as out of the nucleus (such 
as RNA, which leaves the nucleus to perform its 
work in the eytoplasm). 


Extending throughout the nucleoplasm (the 
substance filling the nucleus) are thread-like 
structures eomposed of DNA and protein ealled 
ehromatin. When a eell begins to divide, the 
ehromatin eoils tightly into short, rod-like structures 
ealled ehromosomes. 


In the eenter of the nucleus isthe nucleolus.The 
nucleolus manufactures eomponents of ribosomes, 
the eell's protein-producing structures. 


Ribosomes 


Endoplasmie reticulum 
(attaehed to nucleus) 


FAST FACT 


Cytoplasm and Organelles 

Cytoplasm is the gel-like substance that fills the spaee between the plasma 
membrane and the nucleus. Paeked into the eytoplasm are hundreds, or even 
thousands, of “little organs,” or organelles. Organelles perform speeifìe tasks in 
cellular metabolism. Following are some of the major eell structures. 


Paeked inside the nucleus of 
every human eell is over 6 feet of 
DNA. In turn, this large polymer 
is divided into 46 individual 

molecules ealled ehromosomes. 



Every eell eontains thousands of 
granules of protein and RNA 
ealled ribosomes. Some of the 
ribosomes are attaehed to the 
endoplasmie reticulum while 
others exist alone, seattered 
throughout the eytoplasm. 
Ribosomes serve to synthesize 
protein. Some of the protein 
produced is used by its host eell; 
other protein is exported for use 
elsewhere in the body. 


Smooth ER has no ribosomes. 
Smooth ER eontains enzymes 
that synthesize eertain lipids 
and earbohydrates. 

Ribosomes 


Endoplasmie Reticulum 


Nuclear 


Extending throughout 
the eytoplasm, from the 
plasma membrane to the 
nucleus, is a network of 
membranous eanals and 
curving saes ealled the 
endoplasmie reticulum 
(ER). Organelles ealled 
ribosomes dot the surface 
of some of the ER and 
give the ER a"rough" 
appearanee, earning it 
the name rough ER.The 
ribosomes synthesize 
proteins, which move 
through the network of 
eanals toward the Golgi 
apparatus. 
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Golgi Apparatiis 

Made up of flattened membranous saes staeked one on top 
of the other, the Golgi apparatus reeeives proteins from 
the ER and prepares and paekages them for export to other 
parts of the body, as shown in this fìgure. Keep in mind 
that the Golgi apparatus proeesses hundreds of different 
proteins simultaneously. 









• 


1 



Transport 

vesiele 


Rough endoplasmie 
reticulum 


apparatus 


Golgi 


Seeretory 

vesieles 


Plasma 
membrane 


Proteins 


Ribosomes 




The ER delivers a protein 
molecule to the Golgi apparatus. 


The protein passesthrough eaeh 
of the saes of the Golgi 
apparatus, undergoing 
modifieations along the way. 


At the end of the proeess, the 
Golgi apparatus envelopes the 
protein and then pinehes off the 
portion of itself eontaining the 
protein, ereating a vesiele. 


Some of the vesieles travel to 
the surface of the eell, fuse with 
the plasma membrane, and pop 
open to release the protein 
inside. Others beeome 
lysosomes; still others beeome 
seeretory vesieles that store 
substances like breast milk or 
digestive enzymes for later 
seeretion. 


Centrioles 

Two eentrioles lie perpendicular to eaeh other just outside 
the nucleus. These bundles of microtubules play a role in 
eell division. 


Lysosomes 

Lysosomes are membranous vesieles that form from 
pinehed-off pieees of the Golgi apparatus. Inside, they 
eontain various enzymes that help break down protein the 
eell doesn’t need. Besides eleaning out the eell, this allows 
the eell to a reuse” amino aeids. Lysosomal enzymes ean also 
be used to destroy baeteria. These fìmetions have earned 
lysosomes the niekname a cellular garbage disposals.” 
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Mitoehondria 

These sausage-shaped organelles function as the eell’s a powerhouses.” 
Mitoehondria have two membranes: an outer membrane and an 
inner membrane. The inner membrane folds baek and forth aeross its 
interior; these folds are ealled eristae. The spaees between the eristae 
eontain enzymes that the organelle uses to eonvert organie 
compounds into ATP, which eells use for energy. It makes sense that 
eells that do a lot of work (such as muscle eells) eontain more 
mitoehondria than eells doing less work (such as skin eells). 


Outer membrane 


Inner 


mpmhmnp 



Oristae 


Matrix 


Cytoskeleton 

The eytoskeleton is the supporting framework of the eell 
Made of protein filaments and rod-like structures, the 
eytoskeleton determines the shape of the eell, gives it 
strength, and also allows the eell to move. It also helps 
organize the eontents of the eell. In some eells, the 
eytoskeleton forms finger-like proeesses that extend 
outward. These proeesses include mierovilli, eilia, and 
flagella. 


Endoplasmie 

reticulum 


Ribosomes 



Microtubule 


Mierofilament 


Plasma 

membrane 


Intermediate 

filaments 


Mitoehondrion 








Mierovilli 

Mierovilli are folds of the eell 
membrane that greatly inerease 
the surface area of a eell. Typieally 
found in eells eharged with 
absorbing nutrients—such as the 
intestines—mierovilli ean inerease 
a eell’s absorptive area as much as 

40 times. 


Cilia 

Cilia are hair-like proeesses along the 
surface of a eell. Unlike mierovilli, 
eilia move. They beat in waves, 
always in the same direetion. They 
occur primarily in the respiratory 
traet—where their wave-like motion 
helps move mucus and foreign 
partieles out of the lungs—and the 
fallopian tubes—where their motion 
propels an egg eell or embryo toward 
the uterus. 


Flagella (singular: flagellum) are 

similar to eilia in that they are 
also hair-like projeetions that 
move. However, flagella are 
thieker, longer, and fewer in 
number. Flagella have a whip-like 
motion that helps move a eell. 
The only flagellum in humans is 
the tail of a sperm eell. 
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Ce( Membranes 


A eell’s survival depends on its ability to move substances such as nutrients and waste products where theyre needed. Toward 
this end, the eell uses a number of transport meehanisms to move substances baek and forth aeross its plasma membrane. 
These meehanisms fall into one of two eategories: passive or aetive transport. 

Passive Transport 

Passive transport meehanisms—which include diffusion, osmosis, filtration, and faeilitated diffusion—don’t require the 
eells to expend energy. 

Dijftision 

Diffusion involves the movement of partieles from an area of higher eoneentration to an area of lower eoneentration. 
Diffusion occurs in air or water. It ean perhaps be best illustrated by plaeing a dye tablet in water. 


Dye tablet 


ANIMATION fif 
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As the tablet dissolves, the partieles move away from the tablet (where eoneentration is high) to the edges of the 
eontainer (where the eoneentration of partieles is low). 

Diffhsion continues until the partieles are evenly distributed. The point at which no further diffusion occurs is ealled 

equilibrium. 

A differenee in eoneentration of a substance from one point to another is ealled a eoneentration gradient. When the 
partieles move from an area of greater to lesser eoneentration, as occurs in diffhsion, the partieles are said to move doum 
the eoneentration gradient. Even when a membrane stands in the way, the partieles will still diffuse down the 
eoneentration gradient as long as the membrane is permeable to those partieles. 

Osmosis 

A type of diffusion, osmosis involves the diffusion of water doivn the eoneentration gradient through a seleetively 
permeable membrane. In the body, this often happens when a particular substance eant eross the membrane. In that 
situation, the water—not the partieles—moves in an effort to equalize the eoneentration. 


ANIMATION @ 
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The membrane in the eontainer above 
is separating a 5% albumin solution 
(side A) from a 10% albumin solution 
(side B).The membrane is permeable 
to water but not to albumin. 

Side A eontains more water molecules 
in relation to albumin molecules. 
Therefore, the eoneentration of water 
is greater on side A as eompared to 
side B. 


VVater molecules move from side 
A—the side with a higher eoneentration 
of water (and lower eoneentration of 
albumin)—to side B—the side with the 
lower eoneentration of water (and the 
higher eoneentration of albumin). 

The eoneentration of the two solutions 
eventually equalizes. But, in the 
proeess, side B ends up with a greater 
volume of water. 







The Body AT WORK 

As vvater diffuses by osmosis into a 
soliition, the volume ofthat solution 
inereases. As the volame ofvvater on 
side B inereases, it exerts more and 
more pressare (hydrostatie pressare) 
against the membrane. The greater the 
volame ofvvater, the greater the 
hydrostatie pressare. (Thinkofa vvater 
balloon: the more vvater in the balloon, 
the more pressare against the sides of 
the balloon.) Water pressare that 
develops in a solation as a resalt of 
osmosis is ealled osmotie pressure. 
The more solate there is in a solation, 
the greater its osmotie pressare. 


CHAPTER 3 Cells 




















































































PARTI Organization of the Body 
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Osmolarity and Tonieity 

Cells are essentially elosed eontainers. Besides eontaining fluid, they also 
eontain a variety of solutes, such as salts, sugars, aeids, and bases. It’s the 
eoneentration of these solutes in the fluid that determines whether, and 
how much, fluid moves into or out of a eell. If a solute ean’t move through 
a plasma membrane, and if it’s more eoneentrated on one side of the 
membrane than on the other, osmosis will occur. The ability of a solution 
to affeet the fluid volume and pressure in a eell through osmosis is ealled 
tonieity. The three terms used to deseribe these solutions are isotonie, 
hypotonie, and hypertonie. 


FAST FACT 


Understanding tonieity is particularly 
important when administering 
intravenous fluids. Most patients 
reeeive isotonie fluids (such as normal 
saline, Ringers solution, or a mixture 
of 5% dextrose in water [D 5 W]). 
isotonie fluids hydrate the body 
without causing dramatie fluid shifts. 



ANIMATION © 





isotonie 

An isotonie solution is one in vvhieh the 
eoneentration of solutes is the same as it is 
in the eell. When a red blood eell is plaeed 
in an isotonie solution, vvater moves into 
and out of the eell at an equal rate. As a 
result, the eells remain normal in size and 
vvater eontent. 

Filtration 


Hypertonie 

A hypertonie solution eontains a higher 
eoneentration of solutes eompared to the 
fluid vvithin the eell. If a red blood eell is 
immersed in a hypertonie solution, such as 
a eoneentrated salt solution, vvater vvill 
diffuse out of the eell, causing it to shrivel 
and perhaps die. 


Hypotonie 

A hypotonie solution eontains a lovver 
eoneentration of solutes eompared to the 
fluid vvithin the eell. If a red blood eell is 
plaeed in a hypotonie solution (such as 
distilled vvater), vvater vvill move by osmosis 
into the eell.This influx of vvater vvill cause 
the eell to svvell and, eventually, to burst 
(ealled lysis). 


In eontrast to diffusion and osmosis—which occur because of differenees in the eoneentrations of a solute on either side of a 
seleetively permeable membrane— fìltration occurs because of differenees in pressure. In fìltration, water and dissolved 
partieles are foreed aeross a membrane from an area of higher to lower hydrostatie pressure. One of the most obvious 
examples of filtration in the body occurs in eapillaries. 

ANIMATION 0 


The hydrostatie pressure of 
blood inside the eapillaries 
forees vvater and dissolved 
materials (such as nutrients) 
into the surrounding tissue 
fluid. 


This is how the bodys eells reeeive the 
nutrients they need to survive. Filtration is 
also the method the kidneys use to remove 
waste products from the blood. 



o 



Water 


Solute 



That Makes Sense 

A household eoffee pot is a perfeet 
examp\e offiltration. The vveightof 
vvater forees vvater and dissolved 
soliites (eoffee) through the filter (or 
membrane) vvhile holding baek 
larger partieles (the eoffee grounds). 
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Faeilitated Difftision 

Some moleeiiles need other molecules to help, or faeilitate , their movement aeross a membrane. This is ealled faeilitated 
diffinsion. As with regular diffusion, molecules move down the eoneentration gradient—from an area of greater to lesser 


eoneentration 


ANIMATION @ 


A solute (such as glucose) that ean't 
pass through the membrane enters a 
ehannel in a protein molecule that's 
part of the membrane. 



The solute binds to a reeeptor site on the 
protein (also ealled the carrier).The binding 
proeess causes the protein to ehange shape. 
This alteration in the shape of the earrier 
protein ejeets the solute into the eell's 

_ . _ i ow interior. 

Aetive Transport 

In aetive transport, solutes move up the eoneentration gradient—from areas of lesser to greater eoneentration. Just like 
swimming upstream, moving against the eoneentration gradient requires energy, which is provided in the form of ATP. 
Aetive transport meehanisms include transport by pumps and transport by vesieles. 

Transport by Pumps 

By aetively pumping, the eell ean move ions and other partieles to speeifie areas. For example, for muscle eells to operate 
properly, they need to maintain a low eoneentration of calcium whenever they’re at rest. So, even though the eoneentration 
of calcium in the extracellular fluid is higher than it is inside the eell, speeial pumps in the eell membrane ean foree nearly 
all the intracellular calcium into other eompartments. 

Perhaps the most important example of aetive transport in the body is the 
sodium-potassium pump. This erneial pump regulates the volume of fluid within 
eells, provides the eleetrieal potential neeessary for nervous system aetivity, and helps 
in heat production. 

Normally, the fluid inside the eell eontains lower levels of sodium and higher 
levels of potassium than the fluid outside the eell. Even so, the sodium-potassium 

pump works to transfer sodium from inside the eell (where sodium levels are low) to outside the eell (where sodium levels 
are higher), while transferring potassium from the extracellular fluid (where potassium levels are low) to the eell’s interior 
(where potassium levels are higher). Speeifieally, here’s how it works: 



FAST FACT 


About half the ealories you burn 
eaeh day go to operate the 
sodium-potassium pump. 


Extracellular 




I Three sodium ions 
(Na + ) from inside the 
eell funnel into reeeptor 
sites on a ehannel protein. 


2 Fueled by ATP, the 
ehannel protein 
releases the sodium ions 
into the extracellular fluid, 
causing them to move from 
an area of lower to higher 
eoneentration. 


3 Meanwhile, two 
potassium ions (K + ) 
from outside the eell enter 
the same ehannel protein. 


4 The potassium ions are 
then released inside 
the eell.This keeps the 
eoneentration of potassium 
higher, and the 
eoneentration of sodium 
lower, within the eell. 


CHAPTER 3 Cells 
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Transport by Vesieles 

Cells also have the ability to move large partieles or numerous molecules at onee through the plasma membrane. In this 
proeess, which also requires energy, the eell membrane ereates a vesiele to transport the matter either into the eell or out of 
the eell. 


Endoeytosis 

The form of vesicular transport that brings substances into 
the eell is ealled endoeytosis. (Endo means to “take into.”) 
In brief, the plasma membrane traps a substance that’s too 
large to diffuse through the plasma membrane and brings it 
into the eell. There are two forms of endoeytosis: 
phagoeytosis and pinoeytosis. 

Phagoeytosis (or"cell eating") occurs when 
the eell engulfs a solid partiele and brings it 
into the eell. A key example is when white 
blood eells "consume" baeteria. 


Plasma membrane 



Pinoeytosis (or"eell drinking") occurs when 
tiny vacuoles bring droplets of extracellular 
fluid eontaining dissolved substances into 
the eell.The eell then uses the engulfed fluid 
and nutrients. 


Plasma membrane 



Exocytosis 

In eontrast to endoeytosis, which brings substances into the 
eell, exocytosis uses vesieles to release substances ontside of 
the eell. Glands often use this method to release hormones. 
For example, exocytosis occurs when mammary glands 
seerete milk as well as when endothelial eells release insulin. 


In exocytosis, a vesiele in the eell 
eontaining the materials to be 
released travels to the eell's surface. 


The vesiele fuses with the plasma 
membrane and then releases its 
eontents outside the eell. 



Cytoplasm 

















KeyTransport Proeesses 


Passive meehanisms 

Diffusion 

Partieles move aeross a seleetively permeable membrane from an area 
of high to low eoneentration. 


Osmosis 

Water diffuses aeross a seleetively permeable membrane from an area 
of low eoneentration of solute (and a high eoneentration of water) to 
an area of high eoneentration of solute (and a low eoneentration of 
water). 

Filtration 

Water and solutes move through a seleetively permeable membrane as 
a result of hydrostatie pressure. 


Faeilitated diffusion 

Partieles move from an area of high to low eoneentration with the help 
of a ehannel protein that's part of the plasma membrane. 


Aetive meehanisms 

Aetive transport pump 

Partieles are pumped from an area of low to high eoneentration by an 
energy-consuming structure in the plasma membrane. 


Phagoeytosis 

In this form of endoeytosis, large partieles are trapped in a portion of 
the plasma membrane and brought into the eell. 


Pinoeytosis 

In this form of endoeytosis, fluid and dissolved partieles are trapped in a 
portion of the plasma membrane and brought into the eell. 


Exocytosis 


Proteins or other eell products move out of a eell when a seeretory 
vesiele eontaining those products fuses with the plasma membrane. 
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Cellular Growth and Reproduction 



Throughout the nucleus of the eell are numerous thread-like structures eomposed of DNA and protein. The DNA 
(deoxyribonucleic aeid) molecule—a type of nucleic aeid—is one of the largest and most complex of all molecules. 
Overriding that is its importanee: the DNA molecule stores all of a eell’s genetie information—the information it needs to 
develop, function, and maintain itself. 


Niieleie Aeids 

DNA is a polymer, meaning that it’s a large molecule made 
up of many smaller molecules joined together in a sequence 
that eneodes the eell’s genetie information. The a building 
bloeks” of DNA are millions of pairs of nucleotides. Eaeh 
nucleotide eonsists of one sugar, one phosphate group, and 
one of four possible types of nitrogenous bases. The four 
types of bases are: adenine (A), thymine (T), guanine (G), 
and eytosine (C). 

The structure of DNA resembles a twisted ladder, ealled 
a double helix. 


ANIMATION 0 



The phosphate group alternates with the 
sugar deoxyribose to form the two sides 
(or baekbone) of the ladder. 


Two different bases join together to form 
the rungs of the ladder. Base eombinations 
follow a speeifie pattern: 


Adenine ean pair only with thymine 


Guanine ean pair only with eytosine 


The sequence of bases determines the genetie eode 
of a strand of DNA, ealled a ehromosome. Because 
the base pairings (such as adenine pairing with 
thymine, ete.) are predetermined, DNA ean unwind 
and replieate itself exactly. 


V 




»7 





The Body AT WORK 

A single strand ofDNA would streteh about 2 
inehes (5 em) ifuncoiled. Considering that46 
strands must fit into the mieroseopie nucleus ofa 
ce\{ its eoiled structure beeomes understandable. 
When the eell isn't dividing, DNA is only loosely 
eoiled. But, when the eell is preparing to divide, 
DNA forms a dense eoil that transforms its 
appearanee into the typieal "X"shape ofa paired 
ehromosome. 
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Although the base pair eombinations 
are fixed, their sequence up and down 
the DNA ladder is not. For example, as 
you travel up one side of the DNA 
ladder, the sequence of bases might be 
A, G, T, C, G, ete. This sequence of bases 
is the genetie eode; this eode provides 
all the neeessary information for 
building and maintaining an organism. 


One of DNA’s main functions is to provide information for 
building proteins. Proteins are the body’s main structural 
molecules; they also contribute to almost every cellular 
fìmetion. However, DNA is too large to leave the nucleus, 
and protein synthesis takes plaee in the eytoplasm. 
Therefore, DNA needs help from another nucleic aeid— 
ribonucleic aeid (RNA). 
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RNA Structure 

Similar in structure to DNA, RNA is a long ehain of nucleotide units 
eonsisting of a sugar, a phosphate group, and a nitrogenous base. The 
structure of RNA differs from that of DNA, however, in three key ways. 



Guanine 

Adenine 

Cytosine 

Llraeil 



1. RNA is a single strand. 

2 . RNA eontains the sugar ribose instead of 
deoxyribose. 

3. RNA eontains the base uracil (U) instead of 
thymine (T). [Both RNA and DNA eontain 
eytosine (C), guanine (G), and adenine (A).] 

RNA exists in three forms: messenger RNA 
(mRNA), transfer RNA (tRNA), and ribosomal 
RNA (rRNA), all of which are erneial to 
protein synthesis. 






The Body AT WORK 

The boses adenine ond guanine ore 
knovvn os purines, vvhile eytosine, 
thymine, and oroeiì are knovvn as 
pyrimidines. Some ofthe drugs used to 
fight eoneer ore porine ond pyrimidine 
onologs. The hope is thot, os the 
replieoting eoneer eells synthesize 
protein, they'll loteh onto the drug 
insteod ofthe reol bose. This vvill 
disrnptprotein synthesis ond kill the 
eell. Ofeoorse, heolthy eells aren't 
immone to the drug, so mony ofthem 
are also killed. 



Manufacture of proteins occurs in two main 
phases, transeription and translation. 


DNA 

double helix 


mRNA 

strand 


ANIMATION © 


Transeription 


When the nucleus reeeives a ehemieal 
message to make a new protein, the segment 
of DNA with the relevant gene unwinds. 



The length of mRNA actually eonsists of a 
series of three bases (triplets). Eaeh triplet, 
ealled a eodon, is the eode for one amino aeid. 



An RNA enzyme then assembles RNA 
nucleotides that would be eomplementary to 
the exposed bases.The nucleotides attaeh to the 
exposed DNA and then bind to eaeh other to form a 
strand of messenger RNA (mRNA).This strand is an 
exact eopy of the opposite side of the DNA molecule. 


Translation 

Onee in the eytoplasm, the mRNA attaehes to a 
ribosome, which eonsists of rRNA and enzymes. 
There, it begins the proeess of being “translated” 
into a protein. The ribosome moves along the 
strand of mRNA reading the eodons. 


Onee formed, the mRNA separates from 
the DNA molecule and moves through a 
nuclear pore and into the eytoplasm, 


Waiting in the eytoplasm are tRNA molecules. Eaeh tRNA 
eonsists of three bases (a triplet ealled an antieodon) that 
will perfeetly eomplement a speeifie site (the eodon) on 
the mRNA. Attaehed to the tRNA is the amino aeid for 
that site, aeeording tothe genetic"blueprint." 


The tRNA finds the three bases that are eomplementary 
to its own and deposits the amino aeid. 


The ribosome then uses enzymes to attaeh the lengthening 
ehain of amino aeids together with peptide bonds. 



i 


tRNA disengages 
for reuse 


When eaeh triplet has 
been filled with the 
eorreet amino aeid and 
the peptide bonds have 
been formed, the 
protein is eomplete. 


CHAPTER 3 Cells 





















































































PARTI Organization of the Body 





The survival of all living organisms depends upon the ability of eells to grow and reproduce. These two proeesses are known 
as the eell life eyele. Besides replaeing worn-out eells, the human body must respond to the need for new eells. For example, 
your body grows new eells following exercise or injury. Also, when you aseend to a higher altitude, your body responds to 
lower levels of oxygen by producing more red blood eells. The other half of this proeess—eell reproduction—ensures that 
genetie information is passed on from one eell to the next, as well as one generation of humans to the next. 

While the eell life eyele runs very well, malfunctions ean occur. One major disease, eaneer, results when eells multiply 
even though the body doesnt need them. (See “Life lesson: Cancer,” later in this ehapter.) 


The Cell Cycle 

Almost all eells periodieally divide into two identieal daughter eells; this is the key to the continuity of life. The eell life eyele 
follows the sequence of events illustrated below, starting from the beginning of one division until the beginning of the next. 
The pattern then repeats itself with the new eells. 



First gap phase (G^) 

The eell performs the tasks for which it 
was ereated (such as earrying oxygen, 
seereting digestive enzymes, ete.). 

It accumulates the materials it will 
need to replieate its DNA. 


\nterphase 


Synthesis phase 

DNA replieation 


The time between mitotie phases 
(which includes phases G q , S, and G 2 ) 

is ealled interphase. 



Synthesis phase (S) 

The eell makes, or synthesizes 
an extra set of DNA. 



Seeond gap phase 
(G 2 ) 

The eell makes final 
preparations for eell division, 
including synthesizing 
neeessary enzymes. 


Gi 

First gap phase 

Synthesis of 
eomponents 
needed 
for DNA 


Go 


Seeond gap phase 

Preparation for 
mitosis 


> 


Mitotie phase 

Cell division 




Mitosis 



Following mitosis, most eells repeat 
this eyele and divide again. Some 
eells, however, leave the eyele and 
enter a period of rest in which they 
don't divide.This phase, ealled the 
G 0 (G-zero) phase, ean last for days, 
years, or even deeades. 


Mitotie phase (M) 


Cell division occurs. (See the 
following section,"Mitosis,"for a 
detailed discussion of this phase.) 



That Makes Sense 

The G 7 and G 2 phases are ealled "gaps"phases 
beeaase, although the eell is aetively vvorking, 
little is occurring in the nucleus as far as eell 
replieation. 


Life lesson: Aging 

Seientists still have much to learn about cellular aging, but 
they have diseovered a faetor that limits the number of 
times a eell ean divide. Speeifieally, every time DNA 
replieates, the ends of ehromosomes, ealled telomeres, 
shorten. Because the telomeres don't eontain important 
information, the faet that they get "snipped off" is 
inconsequential until the telomere beeomes too short. At 
that point, essential parts of the DNA ean be damaged 
during replieation and the eell stops dividing. 

Also, over time, the proteins, lipids, and nucleic aeids 
that make up eells begin to deteriorate. Just like any other 
"maehine," eells begin to wear out. This leads to a deeline in 
eell function, and tissues and organs begin to deteriorate. 
Skin wrinkles, muscles weaken, and organ systems operate 
less effieiently. 
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Mitosis 


A key focus of a eell’s life eyele is mitosis, when the eell splits into two identieal daughter eells. The growth of organs and 
tissues in a developing ehild, the repair of damaged tissue following an injury, and the replaeement of eells that die through 
the course of everyday living all involve mitosis. The only eells that don’t divide through mitosis are sex eells (eggs and 
sperm). Instead, they use a proeess ealled meiosis, which will be discussed in Chapter 23, Reproductive Systems. 

Mitosis eonsists of the following four phases: 


ANIMATION 0 


Centrioles 






Nucleus 


Mother eell 



Chromatids 


Spindle 

fibers 


Oentromere 




Sister 



I Prophase 

• ehromatin begins to eoil and eondense to form ehromosomes. 

• Eaeh duplicated ehromosome eonsists of two strands (ealled ehromatids); 
eaeh strand eontains a single molecule of DNA. 

• The two ehromatids join together in the middle at a spot ealled the 
eentromere. 

• Centrioles move to opposite poles of the eell. 

• The nuclear envelope dissolves, and spindle fibers form in the eytoplasm. 


2 

Km Metaphase 

• Some of the spindle fibers attaeh to one side of the 
ehromosomes at the eentromere. 

• The ehromosomes line up along the eenter of the eell. 


Anaphase 

• The eentromeres divide, forming two 
ehromosomes instead of a pair of attaehed 
ehromatids. 

• The spindle fibers pull the newly formed 
ehromosomes to opposite poles of the eell. 


Nuclear envelope 



4 

■ Telophase 

• A new nuclear envelope develops around eaeh set 
of daughter ehromosomes. 

• The spindle fibers disappear, and the eytoplasm 
divides to produce two identieal daughter eells. 


CHAPTER 3 Cells 
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Life lesson: Cancer 


The body normally functions within an orderly system of eell division and eell death. When eells nrmltiply faster 
than they die, abnormal growths (tumors) result. Tumors are elassified as either benign or malignant. A benign 
tumor is slow growing and eontained within a fibrous capsule that keeps it from spreading to other parts of the 
body. A malignant tumor is eaneer. 

Cancerous tumors typieally grow rapidly. Also, the eells tend to be"slippery"and often break free from the main 
tumor and migrate to other organs and tissues. This spreading of cancerous eells is ealled metastasis and is the 
primary cause of death from eaneer. Most eaneers result from environmental toxins (such as eigarette smoke and 
ehemieals), radiation exposure, and viruses (such as herpes simplex, which may cause some kinds of uterine 
eaneer, and hepatitis C, which ean lead to liver eaneer). 

ehemotherapy is often used to interfere with eell division. Many times patients are treated with eell eyele- 
speeifie drugs: drugs that bloek one or more stages in the eell eyele. For example, some drugs aet on eells in the 
synthesis phase (S), while others target eells in the mitotie phase (M). These types of drugs don't affeet eells that 
are in the resting phase (G 0 ). 




Aetive transport: Transport proeess in 
which solutes move from areas of 
lesser to greater eoneentration; 
requires energy in the form of ATP 

Cilia: Hair-like proeesses on the 
surface of the eell that propel 
materials aeross a surface 

Cytoplasm: The gel-like substance 
surrounding the nucleus and fìlling 
the eell 

Deoxyribonucleic aeid (DNA): Large 
polymer of a nucleotide that earries 
the genetie information of a eell 

Diffusion: A passive transport 
meehanism that involves the 
movement of partieles from an area of 
higher to lower eoneentration 

Endoeytosis: Form of vesicular 
transport that brings substances into 
the eell 

Exocytosis: Form of vesicular 
transport that releases substances 
outside the eell 

Faeilitated diffusion: Transport proeess 
involving the diffìision of a substance 
through a ehannel protein 

Filtration: Transport proeess in which 
water and dissolved partieles are 
foreed aeross a membrane from an 
area of higher to lower pressure 


Golgi apparatus: Prepares proteins and 
paekages them for export to other 
parts of the body 

Hydrostatie pressure: Pressure exerted 
by water 

Hypertonie: Pertains to a solution that 
eontains a higher eoneentration of 
solutes eompared to the fluid within 
the eell 

Hypotonie: Pertains to a solution that 
eontains a lower eoneentration of 
solutes eompared to the fluid within 
the eell 

isotonie: Pertains to a solution in 
which the eoneentration of solutes in 
the solution is the same as the 
eoneentration of solutes in the eell 

Mierovilli: Folds of a eell membrane 
that greatly inerease the surface area of 
a eell to faeilitate absorption 

Mitoehondria: Organelle that eonverts 
organie compounds into ATP 

Mitosis: Type of eell division in which 
the “mother” eells splits into two 
identieal daughter eells 

Nucleus: The eell’s “eontrol eenter” 
that eontains a eomplete set of 
46 ehromosomes 


Organelles: The structures within the 
eell that perform speeifie tasks in 
cellular metabolism 

Osmosis: A passive transport meehanism 
involving the diffusion of water from an 
area of greater eoneentration of water 
(and a lesser eoneentration of solutes) to 
an area of lesser eoneentration of water 
(and a greater eoneentration of solutes) 

Osmotie pressure: Water pressure that 
develops in a solution as a result of 
osmosis 

Phagoeytosis: Proeess in which large 
partieles are trapped in the plasma 
membrane and brought into the eell 

Pinoeytosis: Proeess in which fluid 
and dissolved partieles are trapped in 
the plasma membrane and brought 
into the eell 

Plasma membrane: The external 
boundary of the eell 

Polymer: Large molecule eonsisting of 
many smaller molecules joined in 
sequence 

Ribonucleic aeid (RNA): Nucleotide that 
assists in protein synthesis 

Ribosomes: Granules of protein and 
RNA seattered throughout the 
eytoplasm; some are attaehed to the 
endoplasmie reticulum 






To make the information in this ehapter part of your 
working memory, take some time to refleet on what you’ve 
learned. On a separate sheet of paper, write down 
everything you reeall from the ehapter. After you’re done, 
log on to the Davis/Yz/j website, and eheek out the Study 
Group podeast and Study Group Questions for the ehapter. 


Key Topies for Ohapter 3: 

• Cell variations 

• The basie structures of a eell and the functions of eaeh 

• Transport meehanisms for moving substances aeross the 
plasma membrane 

• Osmolarity and tonieity 

• The structure and function of DNA 

• The structure and fìmetion of RNA 

• The proeess of protein synthesis 

• The eell life eyele 

• The events of mitosis 



1. The nucleus of the eell is ealled 

the eontrol eenter because it: 

a. eontrols the function of all the 
organelles in the eell. 

b. eontains all the genetie material 
for the eell. 

e. regulates the flow of substances 
into and out of the eell. 

d. resides at the eenter of the eell. 

2 . The plasma membrane is made 

up of: 

a. a rigid layer of protein. 

b. a double layer of protein and 
eholesterol. 

e. a double layer of phospholipids 
with eholesterol and proteins 
embedded at various spots. 

d. a rigid layer of earbohydrate 
and protein. 

3 . What is the ehief purpose of the 

Golgi apparatus? 

a. Prepare and paekage proteins 
in vesieles for export to other 
parts of the body 

b. Synthesize proteins 

e. Break down protein the eell 
doesn’t need 

d. Partieipate in eell division 


4 . What is the fìmetion of the 
mitoehondria? 

a. To destroy baeteria 

b. To burn ATP for energy 
e. To store ATP 

d. To eonvert organie compounds 
into ATP 

5 . The hair-like proeesses on the 
surface of a eell that beat in waves 
to help propel materials aeross its 
surface are ealled: 

a. mierovilli. 

b. flagella. 

e. eilia. 

d. eentrioles. 

6 . Which of the following eorreetly 
deseribes diffusion? 

a. It is a form of passive transport 
in which water moves from 

an area of higher to lower 
eoneentration. 

b. It is a form of aetive transport 
in which partieles move from 
an area of higher to lower 
eoneentration. 

e. It is a form of passive transport 
in which partieles move from 
an area of higher to lower 
eoneentration. 

d. It is a form of passive transport 
in which partieles pass through 
ehannels on the eell membrane 
to move from an area of higher 
to lower eoneentration. 






Anstvers: Chapter 3 

1 . Correct ansiver: b. The nucleus does not eontrol of 
the function of the various organelles; it also has 
no eontrol over the flow of substances into and out 
of the eell. It typieally is at the eenter of the eell; 
however, that is not why it’s ealled the eontrol 
eenter. 

2. Correct anstoer: e. The plasma membrane does not 
eonsist of a rigid layer of protein. It eontains 
eholesterol and protein; however, the eholesterol 
and protein are seattered throughout the 
membrane and do not form a layer. It also does 
not eontain earbohydrates. 

3. Correct ansiver: a. Ribosomes synthesize protein. 
Lysosomes break down protein the eell doesn’t 
need. Centrioles play a role in eell division. 

4. Correct ansiver: d. Mitoehondria have no role in 
destroying baeteria. Mitoehondria neither burn 
nor store ATR 

5. Correct anstoer: e. Mierovilli are folds of the eell 
membrane that greatly inerease the surface area of 
a eell. Flagella are hair-like projeetions that serve to 
propel the eell forward. Centrioles are organelles 
that serve a role in eell division. 

6. Correct ansioer: e. The movement of water from an 
area of higher to lower eoneentration is osmosis. 
Difhision is a passive proeess that does not require 
partieles to move through ehannels. 

7. Correct anstoer: d. Osmosis is driven by the 
eoneentration of solutes on either side of a 
semi-permeable membrane. Hydrostatie pressure is 
the pressure that drives solutes through eapillary 
walls. Osmotie pressure has no role in venous 
return. 

8. Correct ansioer: b. Red blood eells will remain 
normal in size and water eontent when immersed 
in an isotonie solution. A hypotonie solution will 
cause water to flow into the eell, making it swell 
and possibly burst. Red blood eells are too large to 
diffiise through eapillary walls. 

9. Correct anstoer: e. The sodium-potassium pump is 
an aetive transport meehanism that consumes, 
rather than produces, energy. This proeess pumps 
sodium and potassium against the eoneentration 
gradient: from an area of lower to higher 
eoneentration. 

10. Correct anstoer: a. Endoeytosis is a form of 
vesicular transport that brings substances into the 
eell. Phagoeytosis is when the eell engulfs a solid 
partiele and brings it into the eell. Pinoeytosis 
occurs when vacuoles bring droplets of 
extracellular fluid eontaining dissolved substances 
into the eell. 

11. Correct anstoer: d. RNA has a single strand, 
eontains the sugar ribose, and eontains the base 
uracil (not thymine). 

12. Correct anstoer: a. DNA bases have fìxed pairings 
that don’t vary. DNA always eontains two strands. 
It’s the sequence of bases, not the number, that 
determines the genetie eode. 

13. Correct anstoer: b. During the fìrst gap phase, the 
eell accumulates the materials it will need to 
replieate the DNA; then in the seeond gap it 
ereates the neeessary enzymes. In the mitotie 
phase, the eell actually divides. 


7 . Osmotie pressure is the: 

a. foree that drives osmosis. 

b. foree that drives solutes 
through the eapillary walls. 

e. pressure that aids in venous 
return. 

d. water pressure that develops as 
a result of osmosis. 

8 . If red blood eells are immersed in 
a hypertonie solution, the eells 
will: 

a. remain normal in size and 
water eontent. 

b. lose fluid and shrivel. 

e. swell and possibly burst. 

d. difìfiise through eapillary walls. 

9 . Which statement eorreetly 
deseribes the sodium-potassium 
pump? 

a. Energy is produced as the eell 
aetively pumps sodium out of 
the eell and potassium into the 
eell. 

b. The pump uses energy in the 
form of ATP to pump sodium 
into the eell and potassium out 
of the eell so as to equalize the 
eoneentration of these two 
ions. 

e. The pump uses energy in the 
form of ATP to transfer 
sodium from inside the eell 
(where eoneentrations of 
sodium are low) to outside the 
eell (where eoneentration of 
sodium are high) and to 
transfer potassium from outside 
the eell (where eoneentrations of 
potassium are low) to inside the 
eell (where eoneentrations of 
potassium are high). 


d. The pump uses energy in the 
form of ATP to transfer 
sodium from inside the eell 
(where eoneentrations of 
sodium are high) to outside the 
eell (where eoneentration of 
sodium are low) and to transfer 
potassium from outside the eell 
(where eoneentrations of 
potassium are high) to inside 
the eell (where eoneentrations 
of potassium are low). 

10. What is the proeess by which 
large molecules ean leave the eell 
even though they are too large to 
move through the plasma 
membrane? 

a. Exocytosis 

b. Endoeytosis 

e. Phagoeytosis 

d. Pinoeytosis 

11. Which of the following 
statements about RNA is true? 

a. RNA has a double strand. 

b. RNA eontains the sugar 
deoxyribose. 

e. RNA eontains the base 
thymine. 

d. RNA exists in three forms. 

12. What determines the genetie 
eode of a strand of DNA? 

a. The sequence of bases 

b. How the bases are paired 

e. The number of strands 

d. The number of bases 

13. In which phase does the eell 
make an extra set of DNA? 

a. First gap 

b. Synthesis 

e. Seeond gap 
d. Mitotie 



Go to http://davisplus.fadavis.com Keyvvord: 

hompson to see all ofthe resources available 
with this ehapter. 
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CHAPTER outline 

Tissue Development 
Epithelial Tissue 
Connective Tissue 
NervousTissue 
MuscleTissue 
Tissue Repair 
Membranes 


LEARNING OUTCOMES 

1. Name thefourtypes of tissue found in the 
human body. 

2. Identify the three germ layers and name the 
types of tissue arising from eaeh. 

3. Define stem eells, distinguishing between 
embryonie and adult stem eells. 

4. Discuss the eharaeteristies, functions 7 and 
loeations of the various types of epithelial 
tissue. 

5. Differentiate between endoerine and exocrine 
glands. 

6. Explain the overriding purpose of eonneetive 
tissue. 

7. Define extracellular matrix and identify its 
eomponents. 

8. Name nine types of eonneetive tissue, identify 
their loeations and functions in the body, and 
deseribe the matrix and eomponents of eaeh. 

9. Explain what makes nervous tissue unique 
from other tissues. 

10. Name the parts of a neuron and deseribe the 
function of eaeh. 

11. Deseribe the eharaeteristies and loeations in 
the body of three types of muscle tissue. 

12. Discuss the two ways in which tissue ean repair 
itself. 

13. Deseribe the steps in tissue repair. 

14. Differentiate between epithelial membranes 
and eonneetive tissue membranes. 

15. Deseribe the eharaeteristies and loeations of 
mucous 7 cutaneous, and serous membranes. 


The entire hody—ineltiding blood and hone—is made of tissne. 

Although the human body eontains trillions of eells, all of those eells ean be eategorized as belonging to one of four distinet 
groiips of tissue. Tissues are simply groups of similar eells that perform a eommon function. The four eategories of tissue are 
epithelial, eonneetive, nervous, and muscular. 

These four types of tissue exist alone or in eombinations to ereate an amazing array of structures. For example, organs 
eonsist of two, three, or even four types of tissue, all working together to fulfill a unique purpose. Tissue is also the eonneetive 
fabrie that holds the body’s structures together; it provides the body with its shape and also gives it the ability to move. 


Tissue Development 

Immediately after an egg and sperm unite to form a single eell, the eells begin to divide rapidly. At first, all the eells are 
identieal. Soon, the eells organize into three layers: the eetoderm (outer layer), the mesoderm (middle layer), and the 
endoderm (inner layer). The eells of eaeh layer continue to divide, beeoming inereasingly distinet from the eells of the other 
layers. Eventually eaeh layer gives rise to the different types of tissue, a proeess ealled difìferentiation. 


Epidermis 


Nervous 

tissue 



Eetoderm: Gives rise to epidermis 

and nervous system 


Lung Thyroid Panereatie 

tissue tissue tissue 



Endoderm: Produces mucous membrane of respiratory 
traet, thyroid gland, seeretory parts of panereas 




Mesoderm: Gives rise to eonneetive and muscle tissue 


Cardiac Skeletal Bone Blood Smooth 

muscle muscle muscle (gut) 




The Body AT WORK 

Speeial eells ealled stem eells 
ean differentiate into many 
different types ofeeiis, such as 
liver eeiis, skin eeiis, or blood 
eells. Embryoniestem eells occur 
in the early embryo; they ean 
differentiate into more than 200 
kinds ofspeeialized eells. Adult 
stem eells occurin eertain 
organs and tissues. As they 
divide, one daughtercell 
remains a stem eell vvhile the 
otherdifferentiates into a 
speeialized eell that ean be used 
to replaee worn-outcells, repair 
damaged tissue, or help grow 
organs in a developing ehild. 









































































Also ealled epithelium (plural: epithelia), epithelial tissue is a continuous sheet of tightly paeked eells; it eovers the body’s 
surface, lines the body eavities and many of the organs, and forms eertain glands. The key functions of this tissue involve 
proteetion, absorption, fìltration, and seeretion. 

In a sense, the epithelium is a surface tissue: its top surface is usually exposed to the environment—such as occurs with 
the skin or the inside of the mouth—or to an internal body eavity; its bottom surface adheres to underlying eonneetive 
tissue by means of a basement membrane. Epithelial tissue is too thin to eontain blood vessels; therefore, it depends on the 
eonneetive tissue beneath to supply its needs for oxygen and nutrients. 
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Classification of Epithelial Tissue 

Epithelial tissue is elassifìed by the shape of the eells as well as by the number of layers. 


Cell Shape 

Epithelial eells may assume one of three basie shapes: squamous, cuboidal, or columnar. 




Squamous 

Cuboidal 

Columnar 

These eells are flat and plate-like.The 
word squamous eomes from a Latin word 

meaning"scaly." 

These eells are cube-shaped and 
eontain more eytoplasm than 
squamous eells. 

Higher than they are wide, columnar 
eells are tall and eylindrieal. 



Cell Layers 

Epithelia may appear as single or multiple layers. 



In simple epithelia, every eell touches 
the basement membrane. 



In stratified epithelia, some eells staek on 
top of other eells and the upper layers of 
eells don't touch the basement membrane. 






Taking eell shape and number of layers into account, the ehart on the next page highlights the various types of epithelial tissue. 
The epithelium deseribed in that ehart is known as membranous epithelium. 


Glandnlar Epithelimn 

There’s another type of epithelium: glandular epithelium. A gland is a eolleetion of 
epithelial eells that speeializes in seeretion of a particular substance. 



FAST FACT 


Seereted materials 





k a 



Duct of 
gland 


Seeretory eells 
of gland 


Goblet eells are modified eells 
eontaining seeretory vesieles that 
produce large quantities of 
mucus. 


Exocrine glands seerete their products (such as 
tears, sweat, or gastrie juices) into ducts. The ducts 
then empty onto a body surface or inside a body 
eavity. For example, sweat glands seerete sweat, 
which flows through ducts and onto the skin’s surface. 

Endoerine glands are often ealled ductless glands. These glands seerete their products, 
ealled hormones, direetly into the blood. For example, the adrenal glands seerete 
epinephrine and norepinephrine into the bloodstream. Other examples of endoerine glands 
include the pimitary, thyroid, and ovaries. 


















































Types of Membranous Epithelial Tissue 
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Function 


Loeation 


Tissue 

One layer 

Simple squamous epithelium: 

• Consists of a single layer of flat, seale-like eells • Allows for ready diffusion or filtration because • Alveoli 



Simple cuboidal epithelium: 

• Consists of a single layer of cube-like eells 



Simple columnar epithelium: 

• Consists of a single layer of columnar eells 



Pseudostratified columnar epithelium: 

• Consists of a single layer of irregularly 
shaped columnar eells 

• Cells of different heights with nuclei at dif- 
ferent levels makes it oppeor stratified 



Several layers 

Stratified squamous epithelium: 

• Contains multiple eell layers (making it 
strongerthan simple epithelia) 

• The most widespread epithelium in the body 



Transitional epithelium: 

• Consists of multiple eell layers 

• VVhen stretehed, eell layers deerease and eell 
shape ehanges from cuboidal to squamous 



of thinness 


• Seeretes and absorbs 


Partieipates in absorption 
Seeretes mucus by goblet eells (modified 
columnar eells; see theTast Fact"on the 
previous page) 


Provides proteetion 
Seeretes mucus 


Resists abrasion and penetration by 
pathogens 

Some eontain keratin (such as the epidermis); 
some do not (such as the mucous 
membranes) 


Stretehes to allow filling of urinary traet 


Lining of blood and lymphatie vessels 



□ 


Ducts and tubules of many organs, ineluding 
the kidneys 



Lines the intestines 



Lines traehea, large bronehi, and nasal 


mucosa 



Epidermis of the skin 

Esophagus 

Vagina 



IJrinary traet 



CHAPTER 4 Tissiies 
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The most widespread, and the most varied, of all the tissues is eonneetive tissue. Existing in a variety of forms—ranging 
from tough eords to elastie sheets to fluid—eonneetive tissue performs a variety of tasks. The overriding purposes of this 
seemingly diverse group of tissues are to eonneet the body together and to support, bind, or proteet organs. This figure 
shows examples of some of the varied forms of eonneetive tissue. 



(framework of the spleen) 


Bone 


Blood 
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Components of Connective Tissue 

The key eomponent of eonneetive tissue—ealled extracellular matrix —is what allows eonneetive tissties to be so diverse. 
Extracellular matrix is the framework into which the eells of tissue are embedded. The matrix eonsists of varying kinds and 
amounts of protein fibers and fluid; it’s the variation in eomposition that gives tissue its eharaeteristies. For example, the 
matrix of blood is fluid; it eontains many eells but no fibers. In eontrast, the matrix of bone eontains few eells and many 
fibers, making it hard and brittle. The matrix may also be gel-like, flexible, tough, or even fragile. 


The fibers found in eonneetive tissue may be one of three types: 


• Collagenous fìbers: These are strong and flexible but resist 
stretehing; these are the most abundant fìbers. 

• Reticular fìbers: These occur in networks and support small 
structures such as eapillaries and nerve fìbers. 

• Elastie fìbers: Made of a protein ealled elastin , these fibers 
ean streteh and reeoil like a rnbber band. 

Types of Connective Tissue 

Connective tissues are elassified aeeording to their structural 
eharaeteristies. The basie elassifìeations are fibrous eonneetive 
tissue, eartilage, bone, and blood. Fibrous eonneetive tissues 
may be either loose or dense; loose eonneetive tissues are 
fìirther divided as being areolar tissue, adipose tissue, or 
reticular tissue. 
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The Body AT WORK 

Collagen is the body's most abundantprotein. 
Besides helping form tendons, ligaments, and the 
matrixofcartilage and bone, eollagen forms the 
deep layer ofthe skin. Seientists speculate that 
manyofthe skin and body ehanges assoeiated 
i /vith aging result because ofehanges to the 
molecularstructure ofeollagen. Some people, in 
an effort to reverse some ofthese ehanges, opt to 
reeeive eollagen injeetions to fill in vvrinkles and 
plump and smooth the skin. 


Fibrotis Connective Tissne 

An abundance of fiber eharaeterizes fibrous eonneetive tissues. The fibers may be loosely arranged, as in loose eonneetive 
tissue, or tightly paeked, as in dense eonneetive tissue. 

Loose Connective Tissue 

The most widely distributed of all tissues, loose eonneetive tissue has a stretehable quality. Speeifie types of loose eonneetive 
tissue are areolar, adipose, and reticular. 




V 


Areolar tissue 

• Consists of eollagen and 
elastin fibers in a soft, gel-like 
matrix 

• Connects many adjaeent 
structures in the body 

• Lies underneath almost all 
epithelia 

• Surrounds blood vessels, 
nerves, the esophagus, and 
the traehea 








< 







Adipose tissue 

• Dominated by fat eells 

• Forms supporting, proteetive 
pads around the kidneys and 
various other structures 

• Aetsasastoragedepotfor 
excess food 

• Helps insulatethe body to 
eonserve body heat 






Reticular tissue 

• Consists of a loose network 
of reticular fibers and eells 

• Forms the framework of the 
spleen, lymph nodes, and 
bone marrow 


Dense Connective Tissue 

Dense eonneetive tissue eonsists of elosely paeked eollagen fibers. These dense tissues form tendons and ligaments, the 
eord-like structures eharged with attaehing muscles to bones (tendons) or bones to bones (ligaments). Unlike other 
eonneetive tissues, which have a rieh blood supply, dense eonneetive tissue has few blood vessels. Consequently, injuries to 
tendons and ligaments heal slowly. Dense eonneetive tissue also forms bands or sheets (ealled faseia) that bind together 
organs and muscles. This tissue also forms a proteetive capsule or sheath around the kidneys, spleen, and nerves. 
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Composed of eells ealled ehondroeytes, eartilage has a rnbbery, flexible matrix. It eontains no blood vessels. Rather, it 
reeeives nutrients and oxygen by difhasion from surrounding eonneetive tissue—a slow, ineffìeient proeess. Consequently, 
when eartilage is damaged (such as from a knee injury), it heals very slowly and may not heal at all. 


There are three types of eartilage: hyaline, elastie, and fibroeartilag 



Hyaline eartilage 



• Found atthe ends of movable joints, 
at the point vvhere the ribs attaeh to 
the breastbone, the larynx, and the 
supportive rings around the traehea 

• Forms much of the fetal skeleton (later 
develops into bone) 


Elastieeartilage 


Provides flexible support to the external 
ear and the epiglottis 



Fibroeartilage 



Forms the dises betvveen the vertebrae 
and in the knee joint because this 
eartilage resists eompression and 
absorbs shoek 



Bone 

Also ealled osseous tissue, bone is eomposed of bone eells (ealled osteoeytes) embedded in a matrix eontaining eollagen 
fibers and mineral salt erystals. These mineral erystals are responsible for the hardness of bone. 

Bones form the skeleton of the body. They give the body structure, provide support, and offer proteetion to internal 
organs, such as the brain. They also offer an attaehment point for muscles, making movement possible. The matrix of bone 
serves as a storage site for calcium, and some bones eontain red bone marrow, which produces new blood eells. Bone has a 
rieh blood supply, allowing bone to heal quickly after a fracture. (For more information on bone, see Chapter 6, Bones & 
Bone Tissue.) 

Blood 

Blood is unique among the eonneetive tissues in that it exists as a fluid. Composed of various types of blood eells surrounded 
by a liquid matrix (ealled plasma), blood transports eells and dissolved substances from one part of the body to another. 
Unlike other eonneetive tissues, blood doesnt eontain any fibers. (For more information on blood, see Chapter 13, Blood .) 






The Body AT WORK 

Connective tissue performs a numberofroles. For 
examp\e, bones support the body, proteet organs, 
and allovv movement. Fat stores energy and 
generates heatin infants and ehildren. Tendons 
and ligaments hold organs and muscles in plaee. 
Blood transports gases, nutrients, hormones, and 
vvastes. On top ofthat, eonneetive tissue offers 
immune proteetion: eonneetive tissue eells attaek 
foreign invaders vvhile eonneetive tissue fibers 
provide the loeation for inflammation. 


FAST FACT 


Cartilage disorders, whether from injury 
or osteoarthritis, are the most eommon 
cause of knee pain. Researehers are 
currently exploring various ways to 
stimulate eartilage regeneration in an 
attempt to help alleviate these problems. 





























Types of Connective Tissue 


Type 

Loeation 

Function 

Loose fibrous eonneetive 

• Areolar 

Beneath the epithelia; between muscles; 
surrounding blood vessels and nerves 

Connects tissues and organs together 
(such as skin to muscles) 

• Adipose 

Beneath the skin, breast, heart's surface; 
surrounding kidneys and eyes 

Provides proteetive cushion, insulation; stores 
energy 

• Reticular 

Spleen; lymph nodes; bone marrow 

Provides a supportive framework 

Dense fibrous eonneetive 

Tendons; ligaments; faseia; dermis of the skin 

Provides durable support 

Cartilage 

• Hyaline 

Ends of bones in joints; eonneeting point 
between ribs and sternum; rings in traehea 
and bronehi; larynx; fetal skeleton 

Eases joint movement; firm but flexible 
support 

• Elastie 

External ear 

Provides flexible support 

• Fibroeartilage 

Intervertebral dises; knee joint; pelvis 

Resists eompression and absorbs shoek 

Bone 

Skeleton 

Provides support, proteetion; serves as calcium 
reservoir 

Blood 

Inside blood vessels throughout the body 

Transports oxygen, nutrients, hormones, wastes 
from one part of the body to another 


Life lesson: Body fat 

When an individual consumes more ealories than his body burns, the 
excess ealories are stored as fat in adipose tissue. However, men and 
women tend to store extra fat in different areas. The male sex hormone, 
testosterone, encourages the accumulation of fat in the abdomen, 
while the female hormone estrogen encourages fat accumulation in the 
hips, thighs, and breasts. (After menopause, when estrogen levels 
deeline, fat migrates from the buttocks, hips, and thighs to the waist.) 

inereased body fat earries many health risks in general, but the 
loeation of the fat may inerease risks even further. Speeifieally, 
researehers have diseovered signifieantly inereased health risks for 
those who have inereased abdominal fat. An inereased amount of 
abdominal fat has been linked to the accumulation of fat around 
organs, which ean interfere with organ function. What's more, inereased 
abdominal fat (ealled eentral obesity) has been linked to inereased risks 
for cardiovascular disease, high blood pressure, and diabetes. 

A measurement ealled the waist-hip ratio is used to identify eentral 
obesity. In this measurement, the circumference of the waist is divided 
by that of the hips; a measurement greater than 0.9 for men and 0.85 
for women indieates eentral obesity. 













Nervous Tissue 




Nervous tissue has a high degree of excitability and conductivity—more so than other tissues. It’s these eharaeteristies that 
allow it to communicate rapidly with other parts of the body. (For more information about the tissue of the nervous system, 
see Chapter 10, Nervons System.) 


Found in the brain, spinal eord, and nerves, nerve tissue eonsists of two types 
of eells: 

• Neurons, the units that conduct nervous impulses 

• Neuroglia, which proteet and assist neurons. 


FAST FACT 


Some axons are quite long; in 
faet, some extend from the 
brainstem all the way to the foot. 


Eaeh neuron has a large eell body, ealled a soma.The 
soma eontains the nucleus of the nerve eell as well as 
the organelles. 


Neuron 


Neuroglia 


Extending from the soma are multiple, short proeesses 
ealled dendrites.The dendrites reeeive impulses from 
other eells, which they then transmit to the soma. 


The neuron eontains a single, long nerve fiber ealled the 
axon.The axon transmits signals to other eells. 




Muscle Tissue 


Muscle tissue eonsists of elongated eells that eontraet in response to stimulation. The body eontains three types of muscle 
tissue: skeletal, eardiae, and smooth. 



Nucleus 

Cylindrical 
muscle fiber 

Striations 


Skeletal Musde 

Skeletal muscle eonsists of long, thin eells ealled muscle fìbers. Skeletal 
muscle may also be ealled striated muscle (because its light and dark 
bands give it a striped, or striated, appearanee) or voluntary muscle 
(because we ean move it voluntarily). 

Most skeletal muscle is attaehed to bone. This is the muscle that 
makes body movements possible. It is also the muscle responsible for 
breathing, speeeh, eontrol of urination, and faeial expression. 



Nucleus 

Branehed muscle fiber 
Striations 
interealated dise 


Cardiac Muscle 

Cardiac muscle is found only in the heart. While eardiae muscle also 
appears striated, it is uniquely different from skeletal muscle. For one 
thing, eardiae muscle eells are shorter than those of skeletal muscle. 

In addition, the eells are joined together with junctions ealled 
interealated dises. These junctions allow eleetrieal impulses to spread 
rapidly from eell to eell; this rapid transmission permits almost 
simultaneous stimulation and eontraetion. Finally, eardiae muscle is 
involuntary muscle: its eontraetion is not under voluntary eontrol. 



Nucleus 

Spindle-shaped 
muscle fiber 


Smooth Muscle 

Smooth muscle—which eonsists of long, spindle-shaped eells—laeks the 
striped pattern of striated muscle. Stimulated the by autonomic nervous 
system, smooth muscle is not under voluntary eontrol. This muscle lines 
the walls of many organs, including those of the digestive, respiratory, 
and urinary traets. Smooth muscle eontrols the diameter of blood 
vessels, making it important in eontrolling blood pressure and flow. 




















































Tissue Repair 



When damaged, tissue ean repair itself in one of two ways: 

• Regeneration occurs when damaged tissue eells are replaeed with the same type of eells, resulting in functional new 
tissue. Most injuries to the skin, such as cuts and serapes, heal by regeneration. 

• Fibrosis occurs when damaged tissue is replaeed with sear tissue, which is eomposed mainly of eollagen. Although sear 
tissue binds the edges of a wound together, it doesn’t restore normal function. Severe cuts or burns heal through fibrosis. 
Also, muscle and nerve tissue have a limited eapaeity to regenerate; injuries to these tissues heal by fibrosis, causing a loss 
of at least partial function. 

Steps in Tissue Repair 

When a cut occurs in the skin, the epithelium regenerates while the underlying tissue heals by fibrosis. 


ANIMATION @ 



When a cut 
occurs in the skin 
the severed 
blood vessels 
bleed intothe 
wound. 


A blood elot forms 
The surface of the 
blood elot dries, 
forming a seab. 
Beneath the seab, 
white blood eells 
begin to ingest 
baeteria and 
cellular debris. 


New 

epidermal 

eells 


Granulation 

tissue 


Sear tissue 
(fibrosis) 


Fibroblasts 


Blood ^ 
eapillaries 


The surface area around the wound 
generates new epithelial eells.These eells 
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migrate beneath the seab. Eventually, the 
seab loosens and falls off to reveal new, 
functional tissue. 


The healthy tissue surrounding the wound sends blood, nutrients, 
proteins, and other materials neeessary for growing new tissue to the 
damaged area.The newly formed tissue is ealled granulation tissue. 
Fibroblasts in the granulation tissue seerete eollagen, which forms sear 
tissue inside the wound. 
























































PARTII eovering, Siipport, and Movement of the Body 








Membranes 






Thin sheets of tissue, ealled membranes, fulfill many erneial functions in the body. In general, membranes line body 
eavities, eover body surfaces, and separate organs (or parts of organs) from eaeh other. Some membranes seerete lubricating 
fluids to reduce frietion during movement, such as when the heart beats or a joint bends. 

The two eategories of membranes are epithelial membranes and eonneetive tissue membranes. 


Epithelial Membranes 

The body eontains three types of epithelial membranes: mucous membranes, cutaneous membranes, and serous membranes. 



1 

I Mucous membranes 

Mucous membranes line body surfaces 
that open direetly to the body's exterior, 
such as the respiratory, digestive, urinary, 
and reproductive traets. 

The type of epithelium in eaeh mucous 
membrane varies aeeording to the 
loeation of the membrane and its 
function. For example, the esophagus 
eontains stratified epithelium, which is 
tough and resists abrasions, while the 
stomaeh is lined with columnar 
epithelium. 

True to the name, mucous membranes 
seerete mucus, a watery seeretion that 
eoats and proteets the eells of the 
membrane. Mucus also aets as a lubricant 
to help propel food through the 
digestive traet; in the respiratory traet, it 
traps dust and baeteria. 


2 

Cutaneous membrane 

Known as the skin, this is the body's 
largest membrane. It eonsists of a 
layer of epithelium resting on a layer 
of eonneetive tissue. (For more 
information on the skin, see ehapter 
5, lntegumentary System.) 


Parietal pleura 
Viseeral pleura 


3 _ 

Composed of simple squamous 
epithelium resting on a thin layer of 
areolar eonneetive tissue, serous 
membranes line some of the elosed 
body eavities and also eover many of 
the organs in those eavities. 

The serous membrane that lines the 
body eavities is actually one 
continuous sheet: part of the 
membrane (ealled the parietal 
membrane) lines the wall of the 
eavity; it then folds baek and eovers 
the organs.The part of the 
membrane that eovers the organs is 
ealled the viseeralmembrane. 

There are three serous membranes: 


The 


pleura 


, or pleural 


membrane, surrounds eaeh lung 
and lines the thoraeie eavity. 


The 



, or perieardial 


membrane, surrounds the heart. 



, or peritoneal 


The 


membrane, lines the abdominal 
eavity and eovers the abdominal 


organs. 


Serous membranes seerete serous 
fluid, which helps prevent frietion as 
the heart beats and the lungs expand. 


Connective Tissue Membranes 

Some joints are lined by membranes made of eonneetive tissue. For example, synovial membranes line the spaees between 
bones, where they seerete synovial fluid to prevent frietion during movement. (These membranes will be discussed in 
Chapter 8 ,Joints) 
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Adiposetissue:Type ofloose eonneetive 
tissue dominated by fat eells 

Areolar tissue: Type of loose eonneetive 
tissue that lies beneath almost all 
epithelia 

ehondroeytes: Cartilage-forming eells 

Columnar epithelium: Epithelial tissue 
eomposed of eells having a tall, 
columnar shape 

Connective tissue: The most 
widespread, and the most varied, of 
all the tissues; serves to eonneet the 
body together and to support, bind, 
or proteet organs 

Cuboidal epithelium: Epithelial tissue 
eonsisting of eells having a cube-like 
shape 

Endoerine gland: A gland that seeretes 
its product, ealled a hormone, direetly 
into the bloodstream 

Epithelium: The layer of eells forming 
the epidermis of the skin and the 
surface layer of mucous and serous 
membranes 


Exocrine gland: A gland that seeretes 
its product into a duct, which then 
empties onto a body surface or inside 
a body eavity 

Fibroblasts: Cells that seerete eollagen, 
which forms sear tissue inside a 
wound 

Fibrosis: The repair and replaeement 
of damaged tissue with eonneetive 
tissue, mainly eollagen 

Glandular epithelium: Type of 
epithelium eonsisting of glands that 
seerete a particular substance 

Goblet eell: Modified columnar eell 
eontaining seeretory vesieles that 
produce large quantities of mucus 

Granulation tissue: Newly formed 
tissue inside a wound 

Mucous membrane: Epithelial 
membrane that lines body surfaces that 
open direetly to the body’s exterior 

Muscle tissue: Tissue eonsisting of 
eontraetile eells or fìbers that effeet 
movement of an organ or body part 


Nervous tissue: Tissue with a high 
degree of excitability and conductivity 
that makes up the nervous system 

Osseous tissue: Bone tissue 

Osteoeytes: Bone-forming eells 

Reticular tissue: Tissue eonsisting of 
a loose network of reticular fibers 
and eells; forms the framework of 
the spleen, lymph nodes, and bone 
marrow. 

Serous membrane: Membrane 
eomposed of simple squamous 
epithelium resting on a thin layer of 
areolar eonneetive tissue; lines some 
of the elosed body eavities and also 
eovers many of the organs in those 
eavities 

Squamous epithelium: Epithelial tissue 
eonsisting of thin, flat eells 

Stem eell: Speeialized eell that ean 
differentiate into many different types 
of eells 

Tissue: Groups of similar eells that 
perform a eommon fìmetion 



To make the information in this ehapter part of your 
working memory, take some time to refleet on what youve 
learned. On a separate sheet of paper, write down 
everything you reeall from the ehapter. After you're done, 
log on to the DavisT/^ website, and eheek out the Study 
Group podeast and Study Group Questions for the ehapter. 


Key Topies for Chapter 4: 

• How tissues develop 

• eiassifìeation of epithelial tissue 

• Components, types, and eharaeteristies of eonneetive 
tissue 

• Characteristics of nervous tissue 

• Types, loeations, and eharaeteristies of muscle tissue 

• Tissue repair 

• Membranes 
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Ansivers: Chapter 4 

1. Correct ansioer: C. Connective tisstie serves to bind 
the body together and support and proteet organs. 
Muscle tissue eonsists of elongated eells that 
eontraet in response to stimulation. Squamous is a 
eell shape, not a tissue type. 

2. Correct ansiver: d. All the other answers are 
ineorreet. 

3. Correct ansvoer: a. In simple epithelia, all eells 
touch the basement membrane. Cuboidal refers to 
eells having a cube-like shape. Squamous refers a 
eells that are flat and plate-like. 

4. Correct answer: e. Endoerine glands seerete their 
substance direetly into the bloodstream. Goblet 
are a type of eell that eontains seeretory vesieles 
that produce mucus. Matrix refers to the key 
eomponent of eonneetive tissue. 

5. Correct answer: d. Connective tissue is the most 
widespread tissue in the body and exists in a 
variety of forms. 

6. Correct answer: a. Reticular tissue forms the 
framework of the spleen, lymph nodes, and bone 
marrow. Areolar tissue lies underneath epithelia 
and serves to eonneet many adjaeent structures in 
the body. Faseia is dense eonneetive tissue that 
binds together organs and muscles. 

7. Correct answer: b. Neuroglia is a type of nerve eell 
that proteets and assists neurons. Dendrites reeeive 
impulses from other eells and transmit them to the 
soma. The soma is the neuron’s eell body. 


1. Which tissue is a continuous 
sheet of tightly paeked eells and 
eovers the body’s surface, lines 
body eavities and many of its 
organs, and forms eertain glands? 

a. Connective tissue 

b. Muscle tissue 

e. Epithelial tissue 

d. Squamous tissue 

2. Which of the following 
statements about epithelial tissue 
is true? 

a. Epithelial tissue has a rieh 
blood supply, which is why 
superfìcial wounds tend to heal 
quickly. 

b. Epithelial tissue has a poor 
blood supply, which helps 
eontrol excess bleeding when it 
is damaged, such as from a cut 
or serape. 

e. Epithelial tissue has an 
adequate blood supply; 
however, during tissue repair, 
when the demand for oxygen 
and nutrients is high, the 
eonneetive tissue beneath ean 
fìirnish it with additional 
blood. 

d. Epithelial tissue has no blood 
supply and depends eompletely 
on the eonneetive tissue 
beneath it to supply it with 
oxygen and nutrients. 


3. In what type of epithelia do some 
eells staek on top of other eells 
but not touch the basement 
membrane? 

a. Stratified 

b. Simple 

e. Cuboidal 

d. Squamous 

4. Which glands seerete their 
products into ducts that empty 
onto a body surface? 

a. Endoerine 

b. Goblet 

e. Exocrine 

d. Matrix 

5. Which tissue is the most 
widespread and varied of all the 
tissues? 

a. Nervous 

b. Muscular 

e. Epithelial 

d. Connective 

6 . Which tissue helps to insulate the 
body to eonserve body heat? 

a. Adipose 

b. Reticular 

e. Areolar 

d. Faseia 

7. Which part of the neuron 
transmits impulses to other eells? 

a. Neuroglia 

b. Axon 

e. Dendrite 
d. Soma 
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8. Correct ansiver: d. Fibrosis is when damaged tissue 
is replaeed with sear tissue. Granulation refers to 
the tissue that fills a damaged area. Ossifieation is 
the proeess of forming bone. 

9. Correct ansiver: b. Cutaneous membrane is the 
skin. The serous membrane lines some elosed 
body eavities and eovers many organs. Exocrine is 
a type of gland. 

10. Correct answer: d. Hyaline eartilage exists in the 
end bones of the joints, the rings of the traehea 
and bronehi, and the fetal skeleton. Elastie 
eartilage forms the external ear. There is no such 
thing as membranous eartilage. 


8 . The type of healing that occurs 
when damaged tissue heals and is 
replaeed by new, functional tissue 
is ealled: 

a. fìbrosis. 

b. granulation. 
e. ossifìeation. 
d. regeneration. 

9. Which membranes line body 
surfaces that open direetly to the 
body’s exterior? 

a. Cutaneous 

b. Mucous 


e. Serous 

d. Exocrine 

10. Which type of eartilage makes up 
the dises in the vertebrae? 

a. Hyaline 

b. Elastie 

e. Membranous 
d. Fibroeartilage 


Go to http://davisplus.fadavis.com Keyvvord: 
m L/3VÌSr \AÀ& Thompson to see all ofthe resources available 
* with this ehapter. 
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5. Dìsojss potential normal and abnormal skin 
eolors and identify the cause of eaeh. 

6. Explain the five functions of skin. 

7. Deseribe the structure and functions of hair. 


8. Deseribe the structure of nails. 


9. List some eommon nail abnormalities and 
their causes. 

10. Name the two types of sweat glands and 
discuss the structure and functions of eaeh. 


11. Differentiate between sebaceous and 
ceruminous glands, identifying the loeation, 
structure 7 and functions of eaeh. 

12. Discuss the three elasses of burns 7 including 
the eomplieations of eaeh. 


13. Deseribe the three types of skin eaneer. 










The skin is the largest organ in the body 


(1.5 to 2 square meters). Its also extremely thin 9 measuring only 0.04 to 
0.08 inehes (1 to 2 mm) thiek in mostplaees. 


More than just a eovering for the body, skin is erneial for human survival. Perhaps its most obvious task is to define the body’s structure: 
joining forees with the muscular and skeletal systems to build the body’s framework. But that’s just one small part of the skin’s role. This 
thin, self-regenerating tissue also separates the internal from the external environment, proteets the body from invasion by harmful 
substances, and helps maintain homeostasis. In addition, sensory nerve reeeptors in the skin gather information about the outside world 
while its flexibility and ability to streteh permit freedom of movement. Last but not least, ehanges in the skin ean signal diseases or 
disorders in other body systems. For these reasons and more, the skin and its appendages (hair, nails, and skin glands)—eolleetively 
known as the integumentary system—deserve elose attention. 

Structure of the Skin 


The skin, also ealled the cutaneous membrane, eonsists of two layers: 


the epidermis and the dermis. 



The dermis —the inner, deeper layer—is 
eomposed of eonneetive tissue. It eontains 
primarily eollagen fibers (which strengthen the 
tissue), but it also eontains elastin fibers (which 
provide elastieity) and reticular fibers (which 
bind the eollagen and elastin fibers together). 

The dermis eontains an abundance of blood 
vessels in addition to sweat glands, sebaceous 
glands, and nerve endings. Hair follieles are also 
embedded in the dermis. Finger-like 
projeetions, ealled papillae, extend upward 
from the dermis.These projeetions interloek 
with downward waves on the bottom of the 
epidermis, effeetively binding the two 
structurestogether. 


Svveat pores 


Dermal papilla 


Eeerine 

svveat 

gland 


Sensory nerve fibers 

Pressure reeeptor 

Sebaceous glan 


Beneath the skin is a layer of 
subcutaneous tissue ealled 
the hypodermís. Made of 
loose eonneetive (areolar) 
tissue and adipose tissue, 
the hypodermis binds the 
skin to the underlying tissue. 
Hypodermis that's 
eomposed mostly ofadipose 
tissue is ealled 
subcutaneousfat.This layer 
of fat helps insulate the 
body from outside 
temperature ehanges; it also 
aets as an energy reservoir. 


Hair folliele 


Cutaneous blood 
vessels 


Motor nerve fibers 


Hair bulb 


Apoerine svveat gland 


Arreetor pili muscle 


The epídermís —the outermost layer— 
eonsists of stratified squamous epithelial 
tissue. It eontains no blood vessels; 
instead, it obtains oxygen and nutrients 
by diffusion from the dermal layer 
beneath it. 













































Layers of the Epidermis 

The epidermis eonsists of four or fìve layers, with the extra layer being present 
in areas reeeiving a lot of wear and tear, like the soles of the feet. During the 
course of life, the eells of the outer layer of the epidermis are sloughed off; this 
means that the skin must continually renew itself by replaeing the sloughed off 
eells with new ones. 

Those new eells are ereated in the lowest level of the epidermis. Onee 
formed, they pass through the layers above, undergoing ehanges along the way, 
until they reaeh the skin’s surface. Heres what happens: 


FAST FACT 


The average person sheds more 
than 1 pound (0.5 kg) of skin 
every year. In faet, the outer layer 
of the epidermis is eompletely 
replaeed every month. 




The stratiim basale, or basal layer 
also ealled the stratum 


germinativum —isthe innermost layer. It 
eonsists of a layer of eoliimnar stem eells. 
These stem eells continually undergo 
mitosis, producing new skin eells. As new 
eells are produced, they push the older 
eells upward, toward the skin's surface. 




As the eells are pushed upward, they 
stop dividing and instead produce 
keratin, a tough, fibrous protein. The 
keratin replaees the eytoplasm and 
nucleus in eaeh eell.The eells flatten, and 
as they move further away from their 
blood supply, they die. 



ANIMATION 



By the time the eells reaeh 
the outermost layer— 


ealled the stratum corneum 



all that's left of the dead eells is 
their keratin. The newly arriving 
flattened eells—ealled 
keratinoeytes —replaee the 
dead eells that flake away with 
daily wear. 


The stratum corneum actually 
eonsists of up to 30 layers of 
dead, flat keratin-eoated eells. 
This makes the skin's surface 
durable and resistant to 
abrasions. It's also an effeetive 
barrier, preventing waterfrom 
entering the body from the 
outside while still allowing for 
evaporation. 




The Body AT WORK 

Skin ranges in thiekness: from 0.5 mm on 
the eyelids to over 5 mm on the baek. In 
mostareas, though, skin measures about 
1 to 2 mm thiek. 

Even though skin eonsists ofboth 
dermis and epidermis, it is elassified as 
being thin or thiek based on the thiekness 
ofthe epidermis alone. Most ofthe body is 
eovered in thin skin, with an epidermis 
measuring about0.1 mm thiek. Thin skin 
eontains hairfollieles, sebaeeoas glands, 
and sweatglands. Thiek skin doesn't 
eontain any hair follieles and is, therefore, 
hairless. It eovers the palms and soles — 
areas that reeeive a lot offrietion. 


Life lesson: 

Subcutaneous and intradennal injeetions 

Subcutaneous tissue has a rieh blood supply, making it ideal for absorbing 
medieations. Insulin is a eommon medieation given by subcutaneous injeetion. 
Ensuring that the medieation is deposited in the subcutaneous tissue requires 
using a relatively short needle and holding the syringe at about a 45° angle. Some 


medieations are 
given into the 
skin itself.These 
injeetions are 
ealled 

intradermal 

injeetions. 


Subcutaneous 

(SQ) 




45° 


Intradermal 
(ID) .r- 


15° 
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Skin 

Subcutaneous 
tissue (hypodermis) 
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Skin Color 


Seattered throughout the basal layer of the epidermis are eells ealled melanoeytes. These speeial eells produce a substance 
ealled melanin, which accumulates in the eells of the epidermis. There are two types of melanin: a reddish pheomelanin and 
a brown-black eumelanin. 

A person’s skin eolor is determined by the amount, and type, of melanin—not the number of melanoeytes. (In 
faet, persons of all raees have about the same number of melanoeytes. The eells in dark-skinned people produce more 
melanin, and the melanin is broken down more slowly.) 


• Melanoeytes, which have long projeetions reaehing 
between eells, release melanin. 

• The keratinoeytes then bring the melanin into their eells. 

• The melanin forms a eap over the top of the eell 
nucleus to proteet it from exposure to the harmful 
ultraviolet rays of the sun. 

• Prolonged exposure to sunlight stimulates the eells to 
seerete more melanin.This proteets the eell's nucleus and 
also darkensthe skin. 



-Dead, flat 
surface eells 


Melanin 

granules 

Projeetion 
of melanoeyte 

Keratinoeyte with 
melanin granules 
over the nucleus 


FAST FACT 


When ultraviolet radiation 
reaehes the nucleus of the eell, 
it damages the eell’s DNA and 
ean lead to skin eaneer. 




The Body AT WORK 

Variations in skin tone normally occur. Melanin is notevenly 
distributed throughout the body: the palms and soles have less 
melanin than the baeks ofthe hands and the tops ofthe feet. 
Melanin ean also eoneentrate in eertain areas, such as freekles 
and moles. A yellovvpigmentealled earotene is also stored in skin 
tissue. Eating large quantities offoods eontaining earotene (such 
as earrots) ean give the skin ayellovv tint. 


Abnormal ehanges in Skin Color 



Condition 

Skin Tone 

Cause 

Cyanosis 

Blue tint 

A defieieney of oxygen in circulating blood 

Jaundice 

Yellow diseoloration of skin and the 
whites of the eyes 

Impaired liver function (such as from hepatitis or liver disease) 
that allows bile to accumulate, which stains the skin 

Bronzing 

A golden brown skin eolor 

A defieieney of hormones from the adrenal gland, such as occurs 
with Addison disease 

Albinism 

Extremely pale skin, white hair, and 
pink eyes 

A genetie laekof melanin 

Erythema 

Abnormal redness 

inereased blood flow in dilated blood vessels elose to the skin's 
surface; may result from heat, exercise, sunburn, or emotions such 
as embarrassment or anger 

Pallor 

Pale skin 

Deereased blood flow, such as occurs from eold temperatures, 
fear or emotional stress, low blood pressure, or blood loss 

Brnise (hematoma) 

Bluish, blaek, or yellowish mark on the 
skin 

The breakdown of elotted blood underthe skin 
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The skin performs a variety of fiinetions that are crucial to human survival. 



Skin Functions 

Proteetion 


Barrier 


Vitamin D production 
Sensory pereeption 
Thermoregulation 



Aetions 

• Prevents mieroorganisms, as well as many harmful ehemieals, from invading the body 

• Seeretes a residue, or surface film, that helps blocktoxins and inhibit baeterial and fungal growth 

• Absorbs the foree of injuries, proteeting delieate underlying structures 

• Keeps the body from absorbing excess water, such as when swimming or bathing 

• Prevents dehydration by regulating the volume and eontent of fluid lost from the body 

• Bloeks ultraviolet (UV) radiation, keeping it from reaehing deeper issue layers 

• Initiates the production of vitamin D when exposed to uItraviolet light 

•Contains millions of sensory nerve fibers, allowing for pereeption oftemperature, touch, pressure, pain, and vibration 

• Contains nerves that cause blood vessels in the skin to dilate or eonstriet to regulate heat loss 

• When ehilled, the skin retains heat by eonstrieting blood vessels; this reduces blood flow through the skin and 
eonserves heat 

• When overheated, the blood vessels in the skin dilate; this inereases the flow of blood and inereases heat loss 

• If the body is still overheated, the brain stimulates sweating; as sweat evaporates, eooling occurs (For more 
information on thermoregulation, see Chapter21, Nutrition & Metobolism.) 


T FACT 


Seientists have long known that vitamin D helps the 
body absorb calcium, which is important in the 
formation and maintenanee of strong bones. More 
reeently, researeh suggests vitamin D may play a role 
in the ftmetion of the immune system. Speeifìeally, 
vitamin D may help prevent eaneer, several 
autoimmune diseases, and high blood pressure. 




The Body AT WORK 



VVhile the skiri oets os o borrier, it eon olso obsorb mony ehemieols, 
moking the skin o possible roote for medieotion odministrotion. Colled 
transdermal odministrotion, o medieotion in the form ofo lotion, gel, or 
odhesive poteh is ploeed on the skin ond ollovved to obsorb slovvly. Some 
medieotions odministered tronsdermolly include nitroglyeerin (to treot 
eertoin types ofehestpoin), hydroeortisone ointment (for inflommotion), 
ond nieotine (to treot eigorette oddietion). 

The obility to obsorb medieotions meons thot the skin moy obsorb 
toxic ehemieols os vvell. Some ofthe toxins thot eon be obsorbed through 
the skin include metols (such os orsenie, mereory, ond leod), noil polish 
remover (oeetone), pestieides, ond eleoning solvents. Some ofthese 
ehemieols eon couse eoneer or broin, kidney, or liver domoge, moking it 
importont to vveorgloves wheneveryou hondle ehemieols. 
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The appendages of the skin are hair, nails, and glands. 



Hair occurs everywhere on the body except for a few loeations: the palms and soles, lips, nipples, and some areas of the 
genitals. In some loeations, hair has a proteetive role: the eyelashes and eyebrows keep perspiration out of the eyes; hair in 
the nostrils fìlters out dust; and the hair on the head provides insulation against heat and eold. 



Sebaceous gland 


At the base of the hair is a cluster of 
eonneetive tissue and blood vessels ealled 
the papilla that nourishes eaeh hair. 


-Subcutaneous 
layer 


Apoerine gland 


Epidermis 


Dermis 


Eaeh hair lies within a sheath of epidermis 
ealled a hair folliele Hair follieles have a 
rieh nerve and blood supply. 


Buried in the dermis is the hair bulb or 
root; this is the lowest part of the hair 
and is where growth occurs. 


The shaft is the part of the hair that 
extends above the skin's surface. 


Attaehed to eaeh hair folliele is a small 
bundle of smooth muscle ealled the 
arreetor píli muscle. Cold temperatures, 
or emotions such as fear, cause the 
muscle to eontraet. When it does, the hair 
beeomes more upright, sometimes ealled 
"standing on end." 


Hair Color and Texture 


Hair obtains its eolor from melanin. The two types of melanin (eumelanin and pheomelanin) give rise to the various shades 
of hair. Darker hair has a greater eoneentration of eumelanin. Blond hair eontains mostly pheomelanin, while red hair 
eontains a mixture of the two. Gray and white hair result from a laek of melanin. 

The shape of the hair shaft determines whether it’s straight or curly. A round shaft produces straight hair, while an oval 
shaft produces curly hair. 


Hair Growth and Loss 

Hair grows from the base. New eells causing hair growth arise in an area above the papilla. Onee formed, these new eells 
produce keratin and then die. As more eells are formed beneath them, the older eells are pushed toward the surface of the 
skin; this causes the hair to lengthen. All the eells of the hair—other than the eells just above the papilla—are dead, flattened 
eells fìlled with keratin. 

Hair has a limited lifespan. Typieally, the hair on the head lives between 2 and 6 years. After that it falls out, and after a 
resting phase, it’s replaeed by new hair. 

Excessive hair loss is ealled alopeeia. Alopeeia may result from disease, 
poor nutrition, ehemotherapy, or even emotional distress. A eommon cause 
of alopeeia is aging. Some men exhibit whats known as male pattern 
baldness. This type of hair loss occurs only in individuals who have 
inherited a speeifie gene and who have high levels of testosterone, which is 
why it typieally occurs in men. 
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Nails 

Nails eonsist of densely paeked, heavily keratinized epithelial eells 



ealled the eiitiele 

surroundsthe 
nail body. 


part of the 
nail is ealled 


ereseent-shaped 
white area atthe 


thenailbody. base of the nail. 



under the nail. It 
normally appears 
pink because of the 
rieh blood supply in 
the area. 


as newly keratinized eells are added to the nai 
root from the nail matrix. As the new eells are 
added, the nail is pushed forward. Most 
fingernails grow about 1/25 ineh (1 mm) eaeh 
week; toenails grow somewhat more slowly. 


* 


The shape and eolor of nails ean provide clues about underlying disorders. 

Abnormal Nail ehanges 





Life lesson: Changes with aging 

The integumentary system may be one of the first body systems to visibly refleet signs of aging. Here are some eommon 
results of aging: 

• The amount of fat in subcutaneous tissue deelines, the dermis thins, the amount of eollagen and elastin deereases, 
and skin eell replaeement slows, all leading to wrinkles around the eyes, nose, and mouth. 

• Skin eell replaeement slows, leading to delayed wound healing and an inereased riskfor infeetion. 

• The number, and output, of sweat glands deelines, making it difficult for elderly individuals to maintain their body 
temperature. 

• Overall melanoeyte production slows, inereasing sun sensitivity, while the proliferation of melanoeytes inereases in 
loealized areas, causing brown spots to develop on the skin. 

• The pigment in hair deereases, leading to thinning and graying hair. 
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Glands 

The glands assoeiated with the skin include sweat glands, sebaceous glands, and ceruminous glands. 

Sweat Glands 

These are the most numerous of the skin glands. 


FAST FACT 


The skin of an adult eontains 
3 to 4 million sweat glands. 



« The Body AT WORK 

Every day the body loses about500 ml ofinsensible perspiration: 
perspiration thatdoesn't make theskin feeidamp. Perspiration inereases 
dramatieally from heat or exercise. In faet, the body ean lose as much as 
^ a liter ofperspiration an hour from intense exercise or extreme heat. Ifthe 

fluid isn't replaeed, dehydration or even circulatory shoek may result. 


There are two types of sweat glands: eeerine glands and apoerine glands. 



Apoerine glands 

Contain a duct that leads to a hair folliele 
(as opposed to opening onto the skin's 
surface) 

Are loeated mainly in the axillary and 
anogenital (groin) regions 

Are seent glands that respond to stress and 
sexual stimulation 

Begin to function at puberty 

Svveat produced by these glands does not 
have a strong odor unless it accumulates 
on the skin; vvhen this occurs, baeteria 
begins to degrade substances in the svveat, 
resulting in bodyodor. 


Eeerine glands 

• Contain a duct that leads from a 
seeretory portion (eonsisting of a 
tvvisted eoil in the dermis), through 
the dermis and epidermis, and onto 
the skin's surface 

• Are vvidespread throughout the body, 
but are espeeially abundant on the 
palms, soles, forehead, and upper 
torso 

• Produce a transparent, vvatery fluid 
ealled sweat, vvhieh eontains 
potassium, ammonia, laetie aeid, uric 
aeid, and other vvastes 

• Svveat plays a ehief role in helping the 
body maintain a eonstant eore 
temperature and also helps the body 
eliminate vvastes. 


Sebaeeons Glands 


Sebaceous glands, vvhieh open into a hair folliele, seerete an oily substance ealled sebum. Sebum 
helps keep the skin and hair from drying out and beeoming brittle. Sebum has a mild antibaeterial 
and antifungal effeet. llnder the influence of sex hormones, sebum production inereases during 
adoleseenee. When excess sebum accumulates in the gland ducts, pimples and blaekheads ean form. 
(When the accumulated sebum is exposed to air, it darkens, forming a blaekhead. A pustule results if the 
area beeomes infeeted by baeteria.) 


Ceruminous Glands 

Ceruminous glands, which exist in the external ear eanal, seerete a waxy substance ealled 
cerumen, or ear wax. Cerumen helps keep the ear eanal from drying out. However, excess 
eemmen ean accumulate in the ear eanal and harden, diminishing hearing. 
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Life lesson: Bnrns 

Burns ean be caused by fire, hot water, steam, eleetrieity, ehemieals, and sunlight. Considering the skin's crucial role in 
proteeting against infeetion, eontrolling fluid loss, and thermoregulation, it's easy to understand the seriousness of 
severe or extensive burns. In faet, following a serious burn, a patient may lose as much as 75% of his circulating fluid 
volume in the first few hours, plaeing that person at risk for circulatory eollapse and eardiae arrest. Another 
eomplieation of burns is the development of esehar—the dead tissue resulting from a burn. Besides seereting toxins 
and promoting baeterial growth, esehar ean restriet circulation. 

Burns are elassified aeeording to their depth: in other words, the number of tissue layers affeeted by the burn. 


Burn eiassifieations 



Partial-thiekness burn: superficial 

• Involves only the epidermis 

• Causes redness, slight swelling, and pain 

• Often results from sunlight (sunburn) 


First-degree burn 


Seeond-degree burn 


Third-degree burn 


Partial-thiekness burn: deep 

• Involves the epidermis as well as part of the 
dermis 

• Results in blisters, severe pain, and swelling 

• May result in searring 

• May appear red, white, or tan 


Full-thickness burn 

• Extends through the epidermis and dermis and 
into the subcutaneous layer 

• May not be painful initially because of the 
destruction of nerve endings 

• May appear white or blaek and leathery 

• Often requires skin grafts 


Rule of Nines 

Another aspeet of burn treatment involves estimating 
the pereentage of body surface area (BSA) affeeted. A 
eommonly used method, ealled the Rule of Nines, 
divides the body into 11 areas of 9%. By adding the 
eorresponding pereentages for eaeh body seetion 
burned, it's possible to arrive at a quick and accurate 
estimate of the extent of the burn. 

The Rule of Nines isn't accurate in ehildren, however, 
because a ehild's BSA differs from that of an adult. For 
example, a burn to half the head accounts for 97^% BSA 
in a newborn, 67^% in a ehild age 5 years, and 47^% 
in an adult. A table ealled the Lund-Browder ehart— 
which adjusts the surface area of eertain body regions 
aeeording to age—is used to determine burn size in 
infants and ehildren. 
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Life lesson: Skin eaneer 

Skin eaneer, which is the most eommon form of eaneer, results from ehanges in epidermal eells. Eaeh year in the llnited 
States, more than 3.5 million eases of basal and squamous eell skin eaneer are diagnosed. Melanoma—the most serious 
of all skin eaneers—accounts for another 76,000 eases. The three types of skin eaneer are deseribed below: 

• Basal eell eareinoma 

• The most eommon type 

• Seldom metastasizes, so is the least dangerous 

• Arises from the eells of the stratum basale, typieally on the nose or faee 

• Lesion first appears as a small, shiny bump; as it enlarges, it often 
develops a eentral depression and a beaded, "pearly"edge 


• Squamous eell eareinoma 

• Arises in the epidermis and is slow growing 

• Often occurs on the sealp, forehead, baeks of the hands, and top of the 
ears 

• Has a raised, red, sealy appearanee 

• Some forms may metastasize 


• Malignant melanoma 

• Most deadly of all skin eaneers 

• Sometimes develops from melanoeytes of a preexisting mole 

• Metastasizes quickly and is often fatal when not treated early 

• Risk is greatest in individuals who had severe sunburns as ehildren 



Disorders of the lntegumentary System 



Disorder 

Aene 


Dermatitis 


Eezema 


Impetigo 


Psoriasis 


Tinea 


llrtiearia 


Characteristics 

Inflammation of the sebaceous glands, espeeially during puberty, in which the folliele 
beeomes bloeked with keratinoeytes and sebum; this results in whiteheads (eomedos), 
while continued inflammation produces pus, causing pimples; oxidation of sebum 
turns whiteheads into blaekheads 

Inflammation of the skin eharaeterized by itehing and redness, often the result of 
exposure to ehemieals or toxins (such as poison ivy) 

itehy, red rash caused by an allergy; lesions initially weep or ooze serum and may 
beeome crusted, thiekened, or sealy 

Contagious baeterial infeetion of the skin (usually caused by streptoeoeei or 
staphyloeoeei), producing yellow to red weeping, crusted, or pustular lesions around 
the nose, mouth, or eheeks or on the extremities 

A recurring skin disorder eharaeterized by red papules and sealy silvery plaques with 
sharply defined borders 

Any fungal infeetion of the skin; usually occurs in moist areas, such as the groin, axilla, 
and foot ( athlete's foot ) 

Allergie reaetion resulting in multiple red patehes (wheals) that are intensely itehy 
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Apoerine glands: Glands loeated 
mainly in axillary and anogenital areas 
that seerete sweat in response to stress 
and sexual stimulation 

Ceruminous gland: Gland in the 
external ear eanal that seeretes waxy 
eemmen 

Cutaneous membrane: The skin 

Dermis: The layer of the skin lying 
immediately under the epidermis 


Epidermis: The outermost layer of the 
skin 

Hair follide: A sheath of epidermis 
surrounding eaeh hair 

Hypodermis: Subcutaneous tissue 
eomposed mostly of fat lying under 
the dermis 

Keratin: A tough, fìbrous protein that 
provides structural strength to the 
skin, hair, and nails 


Sebaceous gland: Glands that seerete 
an oily substance ealled sebum into 
eaeh hair folliele 

Stratum basale: The innermost layer of 
the epidermis, where new skin eells 
are germinated 

Stratum corneum: The outermost layer 
of the epidermis, eonsisting of dead, 
flattened eells ealled keratinoeytes 

Subcutaneous: Beneath the skin 


Eeerine glands: Glands loeated 
throughout the body that seerete 
sweat direetly onto the skin’s surface, 
which helps eontrol body temperamre 


Melanin: Pigment produced by 
melanoeytes that gives eolor to the 
hair and skin 



To make the information in this ehapter part of your 
working memory, take some time to refleet on what you’ve 
learned. On a separate sheet of paper, write down 
everything you reeall from the ehapter. After you're done, 
log on to the DavisT/z/j website, and eheek out the Study 
Group podeast and Study Group Questions for the ehapter. 


Key Topies for Chapter 5: 

• Stmemre of the skin 

• Layers of the epidermis 

• Skin eolor, both normal and abnormal 

• Functions of the skin 

• Stmemre and fìmetion of hair 

• Stmemre of nails 

• Sweat glands, sebaceous glands, and ceruminous glands 

• Burns 

• Skin eaneer 






Ansivers: Chapter 5 

1 . Correct answer: b. The dermis is the inner, 
deeper layer of the skin. The hypodermis is a 
layer of subcutaneous tissue residing direetly 
beneath the dermis. Papillae are fìnger-like 
projeetions on top of the dermis, which allow it 
to interloek with the epidermis. 

2. Correct answer: e. The hypodermis and the dermis 
lie beneath the epidermis and have no role in 
generating new skin eells. The stratum corneum is 
the surface layer of the skin, the plaee to which 
new eells migrate. 

3. Correct answer: d. Collagen and elastin are 
eonneetive tissue proteins that help form the 
dermis. Melanin is a skin pigment. 

4. Correct answer: a. Melanin has no role in 
strengthening the structural integrity of the skin, 
preventing fluid loss, or thermoregulation. 

5. Correct answer: e. The skin has no role in the 
synthesis of vitamins C, K, or A. 

6. Correct answer: b. The epidermis eontains no 
blood vessels. It does not reeeive oxygen or 
nutrients by diffìision from the surrounding 
environment. The epidermis is living tissue and 
therefore depends on an adequate supply of 
oxygen and nutrients. 

7. Correct answer: e. Melanoeytes seerete melanin. 

The stratum basale is where new eells are formed. 
The hypodermis provides insulation. 

8. Correct answer: a. Apoerine glands are seent glands 
that produce sweat in response to stress and sexual 
stimulation. Sebaceous glands seerete sebum, an 
oily substance that helps keep skin and hair from 
drying out. Ceruminous glands seerete a waxy 
substance that helps keep the external ear eanal 
from drying out. 

9. Correct answer: d. Producing sweat and dilating 
blood vessels are two meehanisms used by the skin 
to inerease heat loss and eool the body. Sebum has 
no effeet on body temperature. 

10. Correct answer: b. The hair folliele is a sheath of 
epidermis surrounding eaeh hair, and the hair shaft 
is the portion of the hair that extends above the 
skin’s surface; neither has a role in hair growth. 

The papilla is a cluster of eonneetive tissue and 
blood vessels that nourishes eaeh hair, but the 
growth actually occurs in the hair bulb or root. 


1. What is the name of the 
otitermost layer of the skin? 

a. Dermis 

b. Epidermis 

e. Hypodermis 

d. Papillae 

2. In which skin layer are new skin 
eells generated? 

a. Hypodermis 

b. Strarnm corneum 

e. Stratum basale 

d. Dermis 

3. New skin eells produce which 
tough, fibrous protein? 

a. Collagen 

b. Elastin 

e. Melanin 

d. Keratin 

4. What is the ehief purpose of 
melanin in the skin? 

a. Proteet the nucleus of the skin 
eell against UV radiation 

b. Strengthen the structural 
integrity of the skin 

e. Prevent excess fluid loss 

d. Aid in thermoregulation 

5. The skin initiates the production 
of which vitamin? 

a. Vitamin C 

b. Vitamin K 

e. Vitamin D 
d. Vitamin A 

6 . How does the epidermis reeeive 
oxygen and nutrients? 

a. It is riehly supplied with blood 
vessels, which provide it with 
the oxygen and nutrients it 
needs. 

b. It reeeives oxygen and nutrients 
by diffusion from the dermis. 


e. It reeeives oxygen and nutrients 
by dififtision from the 
surrounding environment. 

d. It doesnt need oxygen or 
nutrients because it is 
eomposed only of dead, 
keratinized eells. 

7. Which of the following is a 
function of the stramm 
corneum? 

a. Seerete melanin 

b. Generate new skin eells 

e. Aet as a barrier 

d. Provide insulation 

8. What is the function of the 
eeerine glands? 

a. They seerete sweat, which 
plays a role in helping the body 
maintain a eonstant eore 
temperamre. 

b. They are seent glands that 
produce sweat in response to 
stress and sexual stimulation. 

e. They seerete an oily substance 
that helps keep skin and hair 
from drying out. 

d. They seerete a waxy substance 
that helps keep the external ear 
eanal from drying out. 

9. The skin helps the body eonserve 
heat by: 

a. dilating blood vessels. 

b. producing sweat. 

e. producing sebum. 

d. eonstrieting blood vessels. 

10. Where does hair growth occur? 

a. Hair folliele 

b. Hair bulb 

e. Hair shaft 
d. Papilla 



Go to http://davisplus.fadavis.com Keyvvord: 
Fhompson to see all of the resources available 
with this ehapter. 
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CHAPTER OUTLINE 


Bone Functions 


Classification of Bones 


BoneTissue 


Bone Marrow 
Bone Development 
Bone Remodeling 
Bone Fractures 


LEARNING OUTCOMES 

1. List the roles of bone in the body. 

2. Deseribe the four types of bone, as elassified 
by shape. 

3. Identify the key structures of a long bone. 

4. Deseribe the eomponents of bone, including 
the speeifie eells and fibers. 

5. Discuss the eomponent that makes bone 
unique from other eonneetive tissues. 

6. Distinguish the unique eharaeteristies of bone. 

7. Explain the structure and eharaeteristies of 
spongy bone and eompaet bone. 

8. Compare the two types of bone marrow 7 
including their functions and loeations in the 
body. 

9. Summarize the two proeesses of bone 
formation: intramembranous ossifieation and 
endoehondral ossifieation. 

10. Explain how bone continues to grow 
throughout the life span. 

11. Discuss the proeess of bone remodeling. 

12. Identify five types of bone fractures. 

13. Explain the proeess of fracture repair. 














The strength ofbone is similar to that ofreinforeed eonerete. Yet , 
it is so light it makes up only 14% ofan adulTs body weight. 






The skeleton may appear to be nothing more than a dry, nonliving framework for the body, but it 
is far from it. The 206 bones in the adult human body are actually dynamie living tissue. Bone 
eonstantly breaks down and rebuilds itself, not just during the growth phases of ehildhood, but 
throughout the life span. Bone is fìlled with blood vessels, nerves, and living eells; in addition, its 
interaetion with other body systems is neeessary not only for movement, but also for life itself. 

Bone Fiinetions 



Bone fulfills multiple roles in the body, including: 

Shap e: Bones give the body its structure. 

Support: The bones of the legs, pelvis, and vertebral column support the body and hold it upright 
Proteetion: Bones proteet delieate internal organs, such as the heart, lungs, brain, and spinal eord. 
Movement: Movement of the arms and legs as well as the ability to breathe results from the 
interaetion between muscles and bones. 

Eleetrolyte balanee: Bones store and release minerals such as calcium and phosphoms—neeessary 
ingredients for a variety of ehemieal reaetions throughout the body. 

Blood production: Bones enease bone marrow, a major site of blood eell 
formation. 

Aeid-base balanee: Bone absorbs and releases alkaline salts to help maintain 
a stable pH. 


FAST FACT 



Bone is as strong as steel and as 
light as aluminum. 
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e assìfieatìon of Bones 



Bones perform a variety of functions—from supporting the weight of the body (the bones of the legs and pelvis) to 
performing delieate movements (the fingers). It’s those functions that dietate the bone’s shape. This variety in the shape of 
bones lends itself to a elassifieation system. 




FAST FACT 


The tiniest bone in the body is 
3 mm long and is found in the ear. 


Frontal bone 


Short bones 

About as broad as they are long, these 
tend to be shaped like cubes. Examples 
include the earpal bones of the wrist and 
the tarsal bones of the ankle. 


Vertebra 


lrregular bones 

Often clustered in groups, these 
bones eome in various sizes and 
shapes. Examples includethe 
vertebrae and faeial bones. 
Sesamoid bones are small bones 
embedded in tendons.The 
kneeeap is an example of a 
sesamoid bone. 


Femur 


Flat bones 

These thin, flat, often curved bones proteet 
organs, such as the bones of the skull, the 
ribs, and the breastbone (sternum). Others, 
such as the shoulder blades (scapulae), 
provide a large surface area for the 
attaehment of muscles. 


Long bones 

As the name 
suggests, these 
bones have a very 
long axis and are 
longer than they 
are wide. Examples 
include the femur 
of the thigh and 
the humerus of the 
arm. Long bones 
work like levers to 
move limbs. 


Tarsal 












































Parts of a Long Bone 

Long bones eonsist of several key structures: 


The head of eaeh end of a long bone is the 
epiphysis.The bulbous structure of the 
epiphysis strengthens the joint; it also 
allows an expanded area for the 
attaehment of tendons and ligaments.The 
epiphysis is made of porous-looking 
spongy bone. 


The eentral shaft-like portion of the bone is 
ealled the diaphysis.Thiek, eompaet bone 
makes up this hollow eylinder, giving the 
bone the strength it needs to support a 
large amount of weight. 


Epiphysis 



Covering the surface of the epiphysis is a thin layer 
of hyaline eartilage ealled articular eartilage. This 
eartilage, along with a lubricating fluid seereted 
between bones, eases the movement of the bone 
within a joint. 


The eentral hollow portion is ealled the 

medullary eavity. 


The inside of the medullary eavity is 
lined with a thin epithelial membrane 
ealled the endosteum. 

In ehildren, the medullary eavity is filled 
with blood cell-producing red bone 
marrow. In adults, most of this marrow 
has turned to yellow marrow, which is 
rieh in fat. 


A dense fibrous membrane ealled the 
periosteum eovers the diaphysis. Some of 
the fibers of the periosteum penetrate the 
bone, ensuring that the membrane stays 
firmly anehored. Other fibers of the 
periosteum weave together with the fibers 
of tendons. (Tendons attaeh muscle to bone.) 
This arrangement ensures a strong 
eonneetion between muscle and bone.The 
periosteum eontains bone-forming eells as 
well as blood vessels, making its presenee 
crucial for bone survival. 


Articular eartilage 



ln grovving ehiìóren, o layer of 
eartiiage, ealled the epiphyseal 
plate orgrowth plate, separates 
the epiphysis from the diaphysis at 
eaeh end ofa long bone. Onee 
grovvth stops, the plate is replaeed 
byan epiphyseal line. (Bone 
grovvth and the epiphyseal plate 
are discussed in more depth later 
in this ehapter.) 


FAST FACT 


Osteomyelitis is an inflammation 
of bone and marrow, usually the 
result of a baeterial infeetion. 
Bone infeetions are often 
difficult to treat and typieally 
require prolonged intravenous 
antibioties. 
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Bone Tissue 


Bone, or osseous tissue, is a type of eonneetive tissue; like all eonneetive tissues, it eonsists of eells, fibers, and extracellular 
material, or matrix. Bone eells include osteoblasts, osteoelasts, and osteoeytes. 



Osteoblasts help form bone by seereting substances that 
eomprise the bone’s matrix. 

Osteoelasts dissolve unwanted or unhealthy bone. 
Osteoeytes are mature osteoblasts that have beeome 
entrapped in the hardened bone matrix. Osteoeytes have 
a dual role: some dissolve bone while others deposit new 
bone. By doing so, they contribute to the maintenanee of 
bone density while also assisting with the regulation of 
blood levels of calcium and phosphate. 




FAST FACT 



The study of bone is ealled 
osteology. 


Bone is unique from other eonneetive tissues because of its matrix. Consisting of eollagen fibers and erystalline salts 
(primarily calcium and phosphate), the matrix of bone is hard and ealeified. Bone is also ineredibly strong; it has a strength 
rivaling that of steel and reinforeed eonerete. Bone has signifieant tensile and eompressional strength, but it laeks torsional 
strength. 


Tensile strength 



Collagen fibers in the matrix make 
bone highly resistant to 
stretehing forees (ealled tensile 
strength). 


Compressional strength 



Calcium salts allow bones to resist 
strong squeezing forees (ealled 

eompressional strength). 


Torsional strength 



Bone laeks the ability to endure 
twisting (ealled torsional 
strength). In faet, most bone 
fractures result when torsional 
forees are exerted on an arm or leg. 




The Body AT WORK 

1/1 /henever bone experiences on inerease in ioad, osteoeytes 
stimulate the ereation ofnevv bone. Forexampie f vvhen an 
individualpartieipates in vveight-bearing exercise, osteoeytes 
trigger the grovvth ofnevv bone, making bones stronger. This 
makes any vveight-bearing exercise, espeeially lifting vveights, 
ideal for those at risk for osteoporosis, a disease eharaeterized 
byaloss ofbone density. 
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Types of Bone Tissue 

Not all bone, or osseous tissue, has the same eharaeteristies: 

Some osseous tissue is light and porous; this is spongy, or cancellous, bone. Spongy bone is found in the ends of long 
bones and in the middle of most other bones; it is always surrounded by the more durable eompaet bone. 

Other osseous tissue—ealled eompaet bone—is dense and solid. Its density offers strength, which is why it forms the 
shafts of long bones and the outer surfaces of other bones. 


Spongy bone 



Spongy Bone 

Periosteum Spongy, or cancellous bone, eonsists 

of a latticework of bone ealled 

Compact bone trabeculae. This design adds strength 

without adding weight. The eavities 
between the trabeculae are filled with 
red bone marrow. The red marrow 
supplies spongy bone with blood and 
also produces blood eells. 


Trabeculae are arranged along the lines 
of greatest stress in a way that offers 
maximum strength. If the stress a bone 
is exposed to ehanges, the trabeculae 
will realign themselves to eompensate. 


Compact Bone 

Compact bone eonsists of an elaborate network of 
eanals and passageways eontaining nerves and 
blood vessels. The faet that bone eells are so well 
supplied with oxygen and nutrients allows bone 
injuries to heal quickly despite the hardness of the 
bone’s matrix. 


In eompaet bone, layers of matrix are arranged 
in eoneentrie, onion-like rings (ealled 
lamellae) around a eentral eanal (ealled a 

haversian or osteonie eanal). This basie 
structural unit is ealled an osteors. 


Blood vessels and nerves run the length of 
the bone through the eenter of the eanal. 


Tiny gaps between rings of the lamellae, 
ealled lacunae, eontain osteoeytes. 


Mieroseopie passageways, ealled 
canaliculi, eonneet the lamellae to 
eaeh other. 



Transverse passageways, ealled Volkmann's eanals, eonneet the 
haversian eanals. These eanals transport blood and nutrients 
from the bone's exterior to the osteoeytes loeked inside. 
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Bone Marrow 


Bone marrow is a type of soft tissue that fills the medullary eavity of 
long bones as well as the spaees of spongy bone. There are two types of 
bone 


marrow: 


1. Red bone marrow: This is the bone marrow eharged with 
producing red blood eells. Nearly all of a ehilds bones 
eontain red bone marrow. 

2 . tellow bone marrow: Over time, red marrow is gradually 
replaeed with fatty yellow marrow. Because its marrow eells 
are saturated with fat, yellow marrow no longer produces 
blood eells. However, in eases of severe, ehronie blood loss 
or anemia, yellow marrow ean ehange baek into red marrow. 


In an adult, red bone marrovv ean be found 
only in the ribs, sternum, vertebrae, skull, 
pelvis, and the upper parts of both the 
humerus (arm) and femur (thigh). All other 
bones eontain yellovv marrovv. 






Bone Development 







The first skeleton in a developing fetus is eomposed of eartilage and fibrous eonneetive tissue. Through a proeess ealled 
ossifìeation, this early skeleton evolves into bone. There are two types of ossifieation proeesses: one for fibrous eonneetive 
tissue and one for eartilage. 

lntramembranous Ossifieation 

Some bones, including those of the skull and faee, start out as 
fibrous eonneetive tissue. Called intramembranous ossifìeation, 
this proeess begins when groups of stem eells in the tissue 
differentiate into osteoblasts. Clusters of osteoblasts, ealled eenters 
for ossifieation , deposit matrix material and eollagen. Eventually, 
calcium salts are deposited and the bone is ealeified. 





The Body AT WORK 

At birth, port ofthe nevvborn's skull still 
eonsists offibrous eonneetive tissue. These 
areas, ealled fontanels or "softspots,"allow 
forsafe eompression ofthe fetus's head while 
passing through the birth eanal. Italso 
allows the skull to expand readily as the brain 
grows daring the months immediately 
following birth. Byage2, though, theskull is 
eompletely osslfled. 
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Endoehondral Ossifieation 

Most bones evolve from eartilage. After about three months’ gestation, the fetus has a skeleton eomposed mostly of eartilage 
At that time, the eartilage begins turning into bone. This proeess, which begins in long bones, is ealled endoehondral 
ossifìeation. The fìgure below demonstrates how the proeess occurs. 

ANIMATION® 


Early in the 

Osteoblasts start to replaee the 

Blood vessels then penetrate the 

A 

life of a fetus, 

ehondroeytes (eartilage cells).The 

eartilage, and a primary 



long bones 
eomposed of 
eartilage ean be 
identified.These 
cartilaginous 
bones serve as 
"models"for bone 
development. 


osteoblasts eoat the diaphysis in a thin 
layer of bone, after which they produce 
a ring of bone that eneireles the 
diaphysis. Soon, the eartilage begins to 
ealeify. 


ossifieation eenter develops in the 
middle of the diaphysis. 


The bone marrow eavity 
fills with blood and stem 


eells. Ossifieation continues 


proeeedingfromthe 
diaphysis toward eaeh 
epiphysis—and the bone 
grows in length. Eventually, 
seeondary ossifieation eenters 
appear in the epiphyses. 
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Bone Growth 

Bone growth obviously doesn’t stop at birth. Bones grow in length, or 
elongate, for a fìxed period. However, bones also widen and thieken 
throughout the lifespan. 



V 


Bone Lengthening 



Bone lengthening occurs at the epiphyseal plate: a 
layer of hyaline eartilage at the eaeh end of bone. 
On the epiphyseal side of the eartilage plate, 
ehondroeytes continue to multiply. As these eells 
move toward the diaphysis, minerals are deposited 
and the eartilage beeomes ealeified. As long as 
ehondroeytes are produced in the epiphyseal plate, 
the bone continues to elongate. 




The Body AT WORK 

Several hormones, including grovvth 
hormone and the sex hormones estrogen 
and testosterone, influence bone grovvth. 
Grovvth hormone stimulates 
ehondroeytes in the epiphyseal plate to 
proliferate, eaasing bones to grovv longer. 
Sex hormones stimulate a grovvth spurt 
during puberty; they're also iinked to 
fusion ofthe epiphysealplates (vvhieh 
halts grovvth). 




Sometime between the ages of 16 and 25, all of the 
eartilage of the epiphyseal plate is replaeed with 
spongy bone. When that occurs, bone lengthening 
stops, and we say that the epiphyses have"elosed." 
What remains is a line of spongy bone ealled the 
epiphyseal line. 




FAST FACT 


When overstressed, the epiphyseal 
plate ean separate from the 
diaphysis or epiphysis, resulting in 
an epiphyseal fracture. Wh en 
this occurs, future bone growth 
ean be affeeted. 


Bone Widening and Thiekening 

Unlike bone lengthening, which stops at a eertain point, bone widening and thiekening continue throughout the lifespan. A 
bone widens when osteoblasts in the periosteum lay down new layers of bone around the outside of the bone. As this occurs, 
osteoelasts on the inner bone tissue work to dissolve bone tissue, widening the marrow eavity. 
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Bone Remodeling 


Bone eells work eonstantly throughout the life span, destroying old bone (resorption) and depositing new (ossifìeation). In 
this proeess, ealled remodeling, osteoelasts remove matrix and reduce the mass of little-used bones. In heavily used bones, 
osteoblasts deposit new bone tissue on the bones surface, thiekening the bone. Remodeling repairs minor traumas and 
contributes to homeostasis by releasing calcium into the blood. This same proeess also leads to the development of 
projeetions and bone surface markings as bone is stimulated by the pull of powerful muscles as ehildren grow and begin to 
walk. 

The maintenanee of bone density depends upon a balanee between the work of osteoelasts (which cause resorption) and 
osteoblasts (which cause ossifieation). During early and middle adulthood, ossifìeation and resorption are in balanee, with 
the amount of bone being formed equaling the amount of bone being destroyed. During the growth periods of ehildhood 
and adoleseenee, the ereation of bone occurs at a faster rate than resorption. After about age 40, bone loss inereases while 
bone formation slows, causing bones to weaken. 

Because bone adapts to withstand physieal stress, it’s possible to inerease bone 
density through physieal exercise. Likewise, a laek of physieal exercise causes 


inereased bone loss. This is particularly true in bedridden patients as well as in 
astronauts experiencing the weightlessness of spaee. 


FAST FACT 


Bone remodeling replaees about 
10% of the skeleton eaeh year. 



The Body AT WORK 

A numberoffactors affeet bone grovvth and maintenanee. These include: 



• Heredity: Every individual inherits a set ofgenes that determines his maximum heightpotential. 

• Nutrition: Children vvho are malnourished grovv very slovvly and may not reaeh their full height; regardless of 
their genetiepotential. Nutrients neeessary forproper bone grovvth include calcium, phosphoms, and vitamins 
D, C, andA. 

• Hormones: Hormones that contribute to proper bone grovvth include grovvth hormone, thyroxine, parathyroid 
hormone, insulin, and the sex hormones estrogen and testosterone. 

• Exercise:As previously mentioned, without adequate physieal stress in the form ofweight-bearing exercise 
(which includes walking), bone destmetion will outpace bone ereation. 


Life lesson: Osteoporosis 

Osteoporosis, which means"porous bones,"isa eondition in 
which bones lose so much mass that they beeome extremely 
brittle. Even minor stresses, such as bending over or coughing, 
ean cause a fracture. Fractures occur most often in the hip, 
wrist, and vertebral column. 

Osteoporosis is the most eommon bone disease, affeeting 
about 10 million Amerieans. It's estimated that another 18 
million have low bone density. Because women have less bone 
mass than men, and because they start losing it at an earlier 
age, women have a higher riskfor developing osteoporosis. In 
particular, postmenopausal white women have the greatest 
risk. (The drop in estrogen levels that aeeompanies menopause 
aeeelerates bone loss; also, blaek women tend to have denser 
bones than white women do.) Other riskfaetors for 
osteoporosis include smoking, diabetes mellitus, and diets 
poor in calcium, protein, and vitamins C and D. 
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Bone Fractures 


A break in a bone is ealled a fracture. There are many different kinds 
of fraemres, as shown below. Typieally, broken bones ean be 
manipulated into their original position without surgery. This is ealled 
elosed reduction. Oeeasionally, surgery is needed to reposition the 
bones, after which screws, pins, or plates may be used to stabilize the 
bones. This is ealled open reduction. 


FAST FACT 


A pathologie fracture is a break in a diseased 
or weakened bone, usually they result from a 
foree that wouldn t fracture a healthy bone. 



A simple fracture is one in which the 
bone remains aligned and the 
surrounding tissue is intaet. 



A compound fracture is one in which the 
bone has piereed the skin. Damage to 
surrounding tissue, nerves, and blood 
vessels may be extensive. Also, because it 
has broken through the skin, there is an 
inereased riskfor infeetion. 



A greenstiek fracture is one in which the fracture is 
ineomplete, similar to when a green stiek breaks. 
This type of fracture typieally occurs in young 
ehildren, mainly because their bones are softer than 
adult bones, causing the bone to splinter rather 
than break eompletely. 



In a comminuted fracture, the bone is broken into 
pieees.This type of fracture is most likely to occur in a 
ear aeeident. 



In a spiral fracture, the fracture line spirals around the 
bone,the resultofatwistingforce.Thejagged boneends 
often make this type of fracture difficult to reposition. 


FAST FACT 


Fracture loeations typieally vary with age: elbow fractures eommonly 
occur in ehildhood; young persons are more likely to fracture a lower leg 
bone while playing sports; elderly people are susceptible to hip fractures. 
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Fracture Repair 

Uncomplicated fractures heal in 8 to 12 weeks. Complex fractures, and fractures occurring in bones having a poor blood 
supply (such as the neek of the femur), take longer. Healing is also slower in elderly people as well as in those who suffer 
from a poor nutritional state. 

In general, healing follows these steps: 


ANIMATION 



1 When a fracture occurs, blood vessels in the bone 
and periosteum are torn, resulting in bleeding and 
the formation of a elot (hematoma). The hematoma 
soon transforms into a soft mass of granulation tissue 
eontaining inflammatory eells and bone-forming eells 
that aid in the healing proeess. 




Collagen and fibroeartilage are deposited in the 
granulation tissue, transforming it into a soft callus. 



3 Next, bone-forming eells produce a bony, or hard, 
callus around the fracture.This splints the two 
bone ends together as healing continues. 


4 Remodeling eventually replaees the callus tissue 
with bone. 



FAST FACT 


Orthopedies is the braneh of medieine 
that deals with the prevention or 
eorreetion of disorders and injuries of 
bones, joints, and muscles. 
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Artieiilar eartilage: Thin layer of 
hyaline eartilage eovering the surface 
of the epiphysis 

Canaliculi: Mieroseopie passageways 
that eonneet lamellae to eaeh other 

Cancellous bone: Spongy bone found 
in the ends of long bones and the 
middle of most other bones 

Compact bone: Dense solid bone that 
forms the shafts of long bones and the 
outer surfaces of other bones 

Diaphysis: The eentral shaft-like 
portion of a long bone 

Endoehondral ossifieation: Proeess in 
the fetus whereby cartilaginous 
skeleton transforms into bone 

Endosteum: Thin epithelial membrane 
lining the inside of the medullary 
eavity 

Epiphyseal plate: Layer of eartilage 
separating the epiphysis from the 
diaphysis at eaeh end of a long bone; 
the site where bone growth occurs 


Epiphysis: The head of eaeh end of a 
long bone 

Haversian eanal: A eentral eanal in 
eompaet bone eontaining blood 
vessels and nerves; surrounded by 
lamellae 

lntramembranous ossifieation: Proeess 
in the fetus whereby fìbrous eonneetive 
tissue evolves into bone 

Lacunae: Tiny gaps between rings of 
lamellae in eompaet bone 

Lamellae: Concentric rings of matrix 
surrounding haversian eanal in 
eompaet bone 

Medullary eavity: The eentral hollow 
portion of a long bone that eontains 
bone marrow 

Osseous tissue: Bone tissue 

Ossifieation: The ereation of new bone 

Osteoblast: Bone-forming eell 

Osteodasts: Bone eells that dissolve 
old or unhealthy bone 


Osteoeyte: Mature osteoblast 

Osteon: Basie structural unit of 
eompaet bone eonsisting of a 
haversian eanal and surrounding 
lamellae 

Periosteum: Dense fibrous membrane 
eovering the diaphysis 

Remodeling: Reshaping or 
reeonstmeting part of a bone 

Resorption: The destmetion of old 
bone; part of the bone remodeling 
proeess 

Spongy bone: Also ealled cancellous 
bone; found in the ends of long bones 
and the middle of most other bones 

Trabeculae: Latticework of osseous 
tissue that makes up the structure of 
spongy or cancellous bone 



To make the information in this ehapter part of your 
working memory, take some time to refleet on what you’ve 
learned. On a separate sheet of paper, write down 
everything you reeall from the ehapter. After you’re done, 
log on to the DavisT/z/j website, and eheek out the Study 
Group podeast and Study Group Questions for the ehapter. 


Key Topies for Chapter 6: 

• The roles of bone in the body 

• The elassifìeation of bones by shape 

• The parts of a long bone 

• The eomponents of and qualities of bone tissue 

• Types of bone tissue 

• Types and loeations of bone marrow 

• Two types of bone development 

• Bone growth and remodeling 

• Bone fraemres and repair 
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Ansivers: Chapter 6 

1. Correct anstver: C. Bone is highly resistant to 
stretehing forees (tensile strength) and squeezing 
forees (eompressional strength). It laeks the ability 
to endure twisting (torsional strength). 

2. Correct answer: a. The endosteum is the 
membrane lining the inside of the medullary 
eavity. The diaphysis is the shaft-like portion of 
the long bone. The periosteum is the fibrous 
membrane eovering the diaphysis. 

3. Correct answer: e. The periosteum has no role in 
helping prevent fractures; it does not produce 
bone marrow; it does not seerete immunoglobulin. 

4. Correct answer: b. Yellow bone marrow is mostly 
fat and does not produce blood eells. The 
medullary eavity eontains bone marrow, but it 
does not produce blood eells. 

5. Correct answer: b. Compact bone is found in the 
shafts of long bones and surrounding all other 
bones. There is no such thing as membranous or 
endoehondral bone. 

6. Correct answer: d. Physieal stress stimulates the 
ereation of new bone, not the destmetion of bone. 
Physieal stress has no effeet on the production of 
red blood eells or on longitudinal growth. 

7. Correct answer: e. Epithelial tissue is not involved 
in the formation of bone. Osseous tissue is bone 
tissue. Parts of the skull start out as fibrous 
eonneetive tissue; however, most bones evolve 
from eartilage. 


1. Most fractures occur because 
bones laek: 

a. tensile strength. 

b. eompressional strength. 
e. torsional strength. 

d. both tensile and eompressional 
strength. 

2 . The head of a long bone is ealled 
the: 

a. epiphysis. 

b. endosteum. 

e. diaphysis. 

d. periosteum. 

3 . The periosteum is erneial to bone 
survival because it: 

a. helps prevent fraemres. 

b. produces bone marrow. 

e. eontains blood vessels and 
bone-forming eells. 

d. seeretes immunoglobulin to 
proteet the bone against 
infeetion. 

4 . Which part of bone produces 
blood eells? 

a. Yellow bone marrow 

b. Red bone marrow 


e. Both red and yellow bone 
marrow 

d. The medullary eavity 

5 . The type of bone found in the 
ends of long bones and in the 
eenters of most other bones is: 

a. eompaet bone. 

b. cancellous bone. 

e. membranous bone. 

d. endoehondral bone. 

6 . What effeet does physieal stress 
have on bone? 

a. It stimulates osteoblasts to 
break down bone. 

b. It stimulates bone marrow to 
inerease production of red 
blood eells. 

e. It impairs longitudinal growth. 

d. It stimulates osteoeytes to 
ereate new bone. 

7 . A fetus’s fìrst skeleton is 
eomposed primarily of: 

a. epithelial tissue. 

b. osseous tissue. 

e. eartilage. 

d. fibrous eonneetive tissue. 
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8. Correct answer: a. Laeimae are the tiny gaps 
between rings of lamellae that eontain osteoeytes. 
Canaliculi are mieroseopie passageways eonneeting 
the lamellae to eaeh other. An osteoeyte is a bone 
eell (not a structural unit). 

9. Correct answer: d. Bone growth and maintenanee 
are affeeted by a number of faetors, including 
heredity, nutrition, hormones (including the sex 
hormones estrogen and testosterone), and exercise. 
However, epinephrine does not affeet bone growth 
or maintenanee. 

10. Correct answer: b. A greenstiek fracture is an 

ineomplete fracture. A comminuted fracture is one 
in which the bone is broken into pieees. A spiral 
fracture is one in which the fracture line spirals 
around the bone. 


8 . What is the name of the basie 
striietiiral unit of bone? 

a. Osteon 

b. Lacunae 
e. Canaliculi 

d. Osteoeyte 

9 . Which of the following does 
not affeet bone growth and 
maintenanee? 

a. Exercise 

b. Sex hormones 

e. Nutrition 

d. Epinephrine 


10 . What is the name of a fracture in 
which the bone pierees the skin? 

a. Greenstiek 

b. Compound 
e. Comminuted 
d. Spiral 



. Go to http://davisplus.fadavis.com Keyvvord: 

JJaVÌSìr I ~1 hompson to see all ofthe resources available 

with this ehapter. 
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CHAPTER OLITLINE 

Overview of the Skeletal System 
The Skull 

The Vertebral Column 
TheThoraeie Cage 
Peetoral Girdle 
Upper Limb 
Pelvie Girdle 
Lower Limb 


LEARNING OUTCOMES 

1. State the number of bones in an adulfs body. 

2. Define the eommon terms related to bone 
surface markings. 

3. Differentiate between the axial and 
appendicular skeletons. 

4. Name the bones of the skull and identify their 
loeations. 

5. Deseribe how an infanfs skull differs from the 
skull of an adult. 

6. Name the bones of the faee and identify their 
loeations and functions. 

7. Discuss the name, loeation, and function of 
eaeh of the paranasal sinuses. 

8. Discuss the eharaeteristies of the vertebral 
column, including its structure 7 function, and 
the names of its five seetions. 

9. Identify the eharaeteristies of a typieal 
vertebra. 

10. Deseribe the speeial features of the atlas and 
the axis. 

11. Deseribe the structure of the thoraeie eage, 
including the regions of the sternum and how 
the ribs attaeh to the vertebral column. 

12. Identify and deseribe the features ofthe bones 
of the peetoral girdle. 

13. Identify and deseribe thefeatures ofthe bones 
of the upper limb. 

14. Name the bones of the hand and identify their 
features and loeations. 

15. Name the bones of the pelvie girdle and 
identify their loeations. 

16. Explain the differenee between the true pelvis, 
false pelvis, and pelvie outlet. 

17. Identify and deseribe the features of the bones 
of the lower limb. 


18. Name the bones of the foot and ankle and 
deseribe their features and loeations. 


19. Deseribe the arehes of the feet and state their 
purpose. 







Neivborn babies have 300 or more bones in their bodies. Some of 
these eventnally fuse y leaving the adult with 206 bones. 


The skeletal system provides the bodys framework as well as its fotmdation. First of all, the 
interaetion between bones and muscles drives a multitude of movements. Also, many muscles, 
arteries, veins, and nerves derive their names from nearby bones. Finally, bones provide ready 
landmarks as elinieians navigate their way around the human body. For all of these reasons, 
learning the names of the bodys major bones is a key part of understanding human anatomy and 
physiology. 


Overview of the Skeletal System 



While most adults have 206 bones, there is some variation. Some may have an extra rib, while 
others have extra bones in the skull. Oeeasionally, some bones fail to fuse during development, also 
adding to the total. Of these bones, 80 eomprise the upright, eentral supporting axis of the body, 
which includes the skull, rib eage, and vertebral column. This is the axial skeleton. The other 126 
bones make up the bones of the limbs and the pelvie and shoulder area. This is the appendicular 
skeleton. 


FAST FACT 


The skeleton makes up almost 
one-fifth of a healthy adults 
body weight. 










































Bone Surface Markings 

The surface of bone is not eompletely smooth. Rather, bones have a number of surface markings, 
such as flat or rounded areas that allow for joint formation (ealled articulations), projeetions that 
allow for muscle attaehment, and depressions or passages that provide routes for blood vessels and 
nerves. 


Surface Features of Bones 




Articulations 

Deseription 


Condyle 

Rounded knob; usually fits into a fossa on another bone to form a joint 


Faeet 

A flat surface 


Head 

The prominent, expanded end of a bone 


Projeetions 



Crest 

A moderately raised ridge 


Epieondyle 

A bump superiorto a eondyle 


Proeess 

A projeetion or raised area 


Spine 

A sharp, pointed proeess 


Troehanter 

A large proeess; found only on the femur 


Tubercle 

A small, rounded proeess 


Tuberosity 

A rough, raised bump, usually for muscle attaehment 


Depressions 



Fossa 

A furrow or depression 


Fovea 

A small pit 


Sulcus 

Groove or elongated depression 


Passages 



Canal 

A tunnel through a bone 


Fissure 

A long slit for blood vessels and nerves 


Foramen 

A round opening, usually a passageway for vessels and nerves 


Meatus 

A tube-like opening 


Sinus 

Cavity within a bone 




To differentiote betvveen the axioi ond appendicular 
skeletons, remember thot the oxiol skeleton relotes to the 
body's axis. An oxis is o stroight line oround vvhieh o 
body—such os the eorth or the humon body — revolves. 
The oppendieolor skeleton relotes to fbeappendages of 
the body ; such os the orms ond legs. 


FAST FACT 


Eaeh foot eonsists of 26 bones: that means 
that l U of all the bodys bones are in the feet. 


























The Adiilt Skeleton 

The appendicular skeleton is eolored turquoise; the other bones are the axial skeleton. 


Skull 


Peetoral 

Girdle 


Thoraeie 

Cage 


Pelvis 


Frontal bone 


Maxilla 
Mandible 

eiaviele 
Scapula 

Sternum 
Ribs 

Costal eartilages 



Vertebral column 

Os coxae 

Sacrum 
Coccyx 

Carpals 

Metaearpal 
bones 

Phalanges 


Patella 


Tarsals 


Parietal bone 
Oeeipital bone 


Mandible 


eiaviele 


Scapula 


Humerus 


Os coxae 
Ulna 


Radius 


Femur 


Fibula 


Tibia 


Metatarsal bones 


Phalanges 



Anterior view 


Posterior view 
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Bones of the Skeletal System 

The axial skeleton eonsists of 80 bones, while the appendicular skeleton eonsists 
of 126 bones. 



Part of the Body 


Bones 


Axial Skeleton 


Skull (22 bones) 

• Cranium (8 bones) 


Faee (14 bones) 


Frontal (1) 

Parietal (2) 

Temporal (2) 

Oeeipital (1) 

Sphenoid (1) 

Ethmoid (1) 

Nasal (2) 

Maxillary (2) 

Zygomatie (2) 

Mandible (1) 

Laerimal (2) 

Palatine (2) 

Inferior nasal eonehae (2) 
Vomer (1) 


Ear (6 bones) 


Malleus (2) 
lncus (2) 
Stapes (2) 


Hyoid bone (1 bone) 
Vertebral column (26 bones) 


Cervical vertebrae (7) 
Thoraeie vertebrae (12) 
Lumbar vertebrae (5) 
Sacrum (1) 

Coccyx (1) 


Thoraeie eage (25 bones) 


Sternum (1) 
Ribs (24) 


Appendicular Skeleton 


Peetoral girdle (4 bones) 


Scapula (2) 
Oaviele (2) 


Llpper limbs (60 bones) 


F1umerus (2) 
Radius (2) 

Ulna (2) 

Carpals (16) 
Metaearpals (10) 
Phalanges (28) 


Pelvie girdle (2 bones) 


Coxal (2) 


Lower limbs (60 bones) 


Femur (2) 
Patella (2) 

Tibia (2) 

Fibula (2) 

Tarsals (14) 
Metatarsals (10) 
Phalanges (28) 


Life lesson: 
Examining 
skeletal 
remains 

Deteetives know that a great deal 
of information ean be gained by 
examining a deeeased person's 
bones. Speeifieally, the seientists 
who examine skeletal remains are 
ealled forensie anthropologists. 
Some of the information they ean 
obtain include the person's: 

• Age (determined by the 
length of the bones, the 
extent of fusion of the 
epiphyseal plates, the status 
of the teeth, and bone 
density) 

• Gender (through 
examination of the pubis 
bone—which has a different 
shape in women as 
eompared to men—as well 
as the size of the skull, which 
is larger in men) 

• Stature (through 
measurement of the femur) 

Further examination may 
reveal the individoal's nutritional 
status, the presenee of eertain 
illnesses or diseases, and raee. 
Finally, by isolating the DNA 
found in bone marrow, the 
person's identity ean be 
determined. 
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The Skull 




A complex structure, the skull is formed by 22 irregularly shaped bones. These include eight eranial bones and 14 faeial bones 

Cranium 

The cranium is the bony structure housing the brain. It eonsists of eight eranial bones: 


Parietal bones (2 bones): 
Join together at the top of 
the head to form the top and 
sides of the eranial eavity 


Oeeipital bone (1 bone): 
Forms the rear of the skull 


Temporal bones (2 bones): Form the 
sides of the cranium and part of the 
eranial floor; also eontain the structures of 
the inner and middle ear, including the: 

• External aiiditory meatus (an 

opening into the ear) 

• Mastoid proeess (a prominent 
lump behind the ear) 

• Zygomatie areh (eheekbone) 

• Styloid proeess (an attaehment 
point for several neek muscles) 




Frontal bone (1 bone): Forms 
the forehead and the roof of 
the eye soekets (orbits) 


Sphenoid bone (1 bone): Forms a key 
part of the eranial floor as well as the 
floor and side walls of the orbits 


Ethmoid bone (1 bone): Contributes to 
the walls of the orbits, the roof and walls 
of the nasal eavity, and the nasal septum 








The Body AT WORK 





The Body AT WORK 


Posterior view 





Just anterior to the sphenoid 
bone is the ethmoid bone. The 
top ofthis delieate bone, ealled 



Vievvedposteriorly; the sphenoid bone looks like 
a giantmoth. It lies behind and slightly above 
the nose and throat. On top ofthe sphenoid 
bone is an indentedarea ealled the sella 
tareiea, vvhieh houses the pituitarygland. 



the eribriform plate, forms part 
ofthe roofofthe nasal eavity. 
Tiny perforations in the 
eribriform plate allovv branehes 
ofthe olfaetory nerve to reaeh 
the brain. A projeetion on the eribriform plate 
provides an attaehment for the meninges, the 
membrane thateneloses the brain. 

A sharp, upward blow ean drive bone 
fragments through the eribriform plate and into 
the brain. Ifthis happens, eerebrospinal fluid will 
leak out ofthe nose; it also opens a pathway for 
infeetion into the brain. Traumatic injury to this 
bone ean also shear offthe olfaetory nerves, 
resulting in a loss ofsense ofsmell. 
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Suture Lines 

The bones of the skiill join together at immovable joints ealled sutures. 



Frontal bone 


Greater wing of 
sphenoid bone 


The sagittal suture is the joint between 
the right and left parietal bones. 


Frontal bone 

Ooronal suture 


Parietal bone 


Lambdoid suture 
Oeeipital bone 


Posterior 



Foramen Magnum 

The skull eontains a number of holes ealled foramina that allow for passage of nerves and blood 
vessels. 


Frontal bone 

Oribriform plate 
(ethmoid bone) 

Sphenoid bone 
Sella turcica 


Temporal bone 
Parietal bone 


Oeeipital bone 



A large opening in the base of the skull, ealled the 
foramen magnum, allows the spinal eord to pass 
through as it eonneets to the brainstem. 


Life lesson: 

Brain sivelling 

Just like any other tissue, when the brain is injured, it 
swells. However, because the skull ean't expand to 
aeeommodate the swelling brain, pressure inside the 
cranium rises as the brain pushes against the sides 
of the skull. If the swelling beeomes severe, the 
inereased pressure will foree the brainstem down, 
through the foramen magnum.The restrieted 
opening of the foramen magnum will eonstriet the 
brainstem, resulting in respiratory arrest and, 
usually, death. 


Oranial floor as viewed from above 
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Faeial Bones 

The 14 bones of the faee perform several functions. They support the teeth, provide an attaehment 
point for the muscles used in chewing and for faeial expression, form part of the nasal and orbital 
eavities, and also give eaeh faee its unique eharaeteristies. 


Maxillae (2 bones):These bones 
meet to form the upper jaw. 

The maxillae (singular: maxilla) 
form the foundation ofthefaee; 
every other faeial bone (except for 
the mandible) articulates with the 
maxillae.The maxillae form part 
of the floor of the orbits, part of 
the roof of the mouth, and part of 
the floor and walls of the nose. 


Zygomatie bones (2 bones): 
These bones shape the eheeks 
and form the outer edge of the 
orbit. 


Mandible (1 bone):Thisis 
the largest and strongest bone 
of the faee. It articulates with 
the temporal bone at the 

temporomandibular joint 
(TMJ), making it the only faeial 
bone that ean move. 



Laerimal bones (2 bones):These 
paper-thin bonesform part ofthe 
side wall of the orbit. 


Nasal bones (2 bones):These 
rectangular bones form the 
bridge of the nose; the rest of the 
nose is shaped by eartilage. 


Inferior nasal eonehae (2 bones): 
The eonehae bones (singular: 
eoneha) contribute to the nasal 
eavity. 


Vomer (1 bone):This small bone 
forms the inferior half of the nasal 
septum. (The superior half is 
formed by the perpendicular 
plate of the ethmoid bone.) 



Palatine bones 

(2 bones):These 
bones form the 
posterior portion of 
the hard palate, part 
of the wall of the nasal 
eavity, and part of the 
floor of the orbit. 


Base of skull as viewed from below 
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Bones Assoeiated with the Skull 

Several other bones are assoeiated with the skull but not eonsidered a part of the skull. These 
include the three bones of the middle ear. Called auditory ossieles, these bones are named the 
malleus (hammer), incus (anvil), and stapes (stirrnp). (The auditory ossieles are discussed in 
Chapter 11, Senses.) 


Hyoid Bone 

Another bone assoeiated with the skull is the hyoid bone: a U-shaped bone that sits 
between the ehin and the larynx. The hyoid bone—which is the only bone that doesn’t 
articulate with any other bone—serves as an attaehment point for muscles that eontrol 
the tongue, mandible, and larynx. 



FAST FACT 


Upon autopsy, pathologists look 
for a fractured hyoid bone as a 
sign of strangulation. 


Hyoid 


Larynx 



Sinuses 

The skull eontains several eavities, which include the paranasal sinuses. The four pairs of 
sinuses—which are named for the bones in which they reside—open into the internal nose. Filled 
with air, they lighten the skull and aet as resonators for sound production. 

The frontal, maxillary, and ethmoid sinuses have well-defìned shapes. The sphenoid sinuses are 
more like sinus eells, having a honeyeombed shape. 



Sphenoid sinus 

- Frontal sinus - 
Ethmoid sinus 

Maxillary sinus 





















































The Infant Skull 

An infant’s skull varies from that of an adult in two key ways: 

1. The suture lines in the skull have not yet fiised. Because the suture lines havent fused, the 
bones of the skull ean shift and overlap, molding the head so the infant ean pass through the 
birth eanal. (Consequently, right after birth, a newborns skull may appear deformed, although 
it soon assumes a normal shape.) The un-fused suture lines also allow for the rapid brain growth 
that occurs during infaney. 

2. The infant’s skull eontains fontanels. The areas between the un-fused bones, which are 
eovered by fibrous membranes, are ealled fontanels. Soft to the touch, it’s possible to palpate 
pulsations in these areas. Over time, the fontanels shrink and usually elose eompletely by 
age two years. 


The anterior fontanel is the 

largestfontanel. 



The posterior (oeeipital) 
fontanel is the smaller fontanel. 





The Body AT WORK 

Assessmentofthe head ofa nevvborn ean provide 
valiiable information. Forexampie, suture lines 
that are abnormally vvide suggest hydrocephalus, 
a eondition in vvhieh excessive amounts of 
eerebrospinal fluid accumulate in the brain, 
eaasing the eraniam to expand. A bulging 
anterior fontanel signals inereased intraeranial 
pressare, such as may occur follovving a head 
injury or infeetion. A sunken fontanel suggests 
dehydration. 


FAST FACT 


An infant’s skull attains half its adult 
size by age nine months; it reaehes its 
final size by age eight or nine years. 
Consequently, the head of an infant or 
ehild is larger in proportion to the rest 
of his body than an adults head. 
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The Vertebral Co umn 
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The vertebral column—a flexible structure eonsisting of 33 vertebrae—holds the head and torso upright, serves as an attaehment 
point for the legs, and eneases the spinal eord. Its unique structure allows the body to bend forward, backward, and sideways. 

After about age three, the vertebral column assumes a slight S shape. This shape eenters the head over the body and 
makes walking possible. (In eontrast, newborn infants have a C-shaped spine, mimieking a curled-up fetal position. The 
normal curves develop as the infant begins to lift his head and, later, as he begins to walk.) 


Five Seetions of the Vertebral Column 



Thoraeie vertebrae (12 vertebrae) 


O 


Lumbar vertebrae (5 vertebrae) 


Sacrum (5 fused vertebrae) 


Coccyx (4 fused vertebrae) 



Normal Curvatures of the Spine 


Cervical curve 


Thoraeie curve 


Lumbar curve 


Saeral curve 


Life lesson: Abnormal spinal curvatures 

Degenerative bone disease, poor posture, and even pregnaney ean cause abnormal curvatures in the spine. 



Seoliosis is a lateral curvature of 
the spine, most often in the 
thoraeie region. It usually occurs 
in adoleseent girls, sometimes the 
result of the vertebrae failing to 
develop eorreetly on one side. 


Kyphosis, or"hunchback,"is an 
exaggerated thoraeie curvature. 
While it may result from poor 
posture, it's also a eommon 
finding in individuals with 
osteoporosis. 


Lordosis, or"swayback,"is an 
exaggerated lumbar curvature. It 
may result from osteoporosis, 
poor posture, or abdominal 
weight gain. 
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Vertebrae Characteristics 

Depending upon their loeation in the vertebral column, the structural eharaeteristies of vertebrae 
differ slightly from eaeh other. However, all vertebrae have a number of eharaeteristies in eommon, 


as illustrated here. 


Posterior 



A spinoiis proeess projeets posteriorly 
from the vertebra. The spinous 
proeesses are the bumps you feel when 
you run your hand along the spine. 


Transverse proeesses extend from 
eaeh side of the vertebra. Both the 
transverse and spinous proeesses serve 
as attaehment points for muscles and 
ligaments. 


Intervertebral Dise 


In between eaeh vertebra is an intervertebral dise. Designed to support weight and absorb shoek, 
the intervertebral dise eonsists of two parts: 


• A gel-like eore, ealled the 

niieleiis pulposus 


• A ring of tough fibroeartilage, 
ealled the annulus fibrosus 


Life lesson: Herniated dise 


Nerve no 
longer pinehed 


Entire lamina 
removed 


Sudden, intense pressure on the intervertebral dises—such as To repair this eondition, a procedure ealled a lamineetomy 

may occur from lifting a heavy objeet using the baek rather may be performed. In this procedure, both laminae and the 

than the legs—ean cause the annulus of the dise to eraek. The spinal proeesses are removed, which relieves pressure on the 

nucleus pulposus ean then ooze out from the eenter of the spinal nerve. 

dise and press on the spinal eord or a spinal nerve, causing 

pain.This isealled a herniated dise. (Common termsfor this 

eondition included slippeddise and ruptureddise.) 
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Speeialty Vertebrae 

The eervieal, thoraeie, and lumbar vertebrae all differ slightly from eaeh other. However, the most 
unique of all the vertebrae are the first two eervieal vertebrae (C1 and C2), known as the atlas and 
the axis, respeetively. 

Atlas 

Named for the Greek god Atlas who earried the world on his shoulders, the role of the fìrst eervieal 
vertebra is to support the skull. 


The atlas has no body. Rather, it eonsists of a 
delieate ring and a large vertebral foramen. 


Depressions on eaeh side of the vertebra articulate with bony 
projeetions from the oeeipital bone of the skull. When the 
head moves baek and forth (such as when nodding "y es ")/ 
the projeetions roek baek and forth in these depressions. 





Axis 



V 



I 





I 




■ 


The C2 vertebra, ealled the axis, has a projeetion ealled 
the dens, or odontoid proeess. The dens projeets into 
the atlas and allows the head to swivel from side to 
side (such as when saying "no") 



Dens 
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Atlas 


Axis 



FAST FACT 



A hard blow to the top of the 
head ean drive the dens through 
the foramen magnum and into 
the brainstem, resulting in 
sudden death. 


Body 


Lamina 


Spinous proeess 


The transverse ligament holds the dens in plaee. 
Thus secured, the head ean swivel from side to side. 
In addition, as bony projeetions from the oeeipital 
bone roek baek and forth on the depressions of the 
atlas, the head ean move baek and forth. 



The Body AT WORK 

VVhile the spinaljoints do not offer a wide range of 
movement, they do allow for signifieant flexibility. 
The spine ean areh backward, earve forward, and 
even twist. The structure ofthe vertebrae allows 
the spine to bend forward farther than it ean bend 
backward. Many different muscles, as well as 
strong ligaments, stabilize the vertebraì eoìamn 
while still allowing flexibility and movement. 
































































109 



The thoraeie eage eonsists of the thoraeie vertebrae, the sterniim, and the ribs. These bones form a 
eone-shaped eage that surrounds and proteets the heart and lungs and provides an attaehment 
point for the peetoral girdle (shoulder) and upper limbs. Expansion and eontraetion of the thoraeie 
eage causes the pressure ehanges in the lungs that allow breathing to occur. 



Stevmim 

The sternum has three 
regions. 


Costal margin 


Ribs 

Twelve pairs of ribs 
attaeh to the vertebral 
column. 


Ribs 1 to 7, ealled true 
ribs, attaeh tothe 
sternum by a strip of 
hyaline eartilage ealled 

eostal eartilage. 


Costal eartilages 


Ribs 8, 9, and 10 attaeh to 
the eartilage of rib 7; 
these ribs, as well as ribs 
11 and 12, are ealled 

false ribs. 


Ribs 11 and 12, ealled 
floating ribs, do not 

attaeh to any part of the 
anterior thoraeie eage. 


Suprasternal noteh 

eiaviele 


Scapula 


The lower edges of the thoraeie eage are ealled the 
eostal margins. The two eostal margins meet at 
the xiphoid proeess, forming the eostal angle. The 
angle should be less than 90 degrees. Pregnaney as 
well as lung diseases, such as emphysema, cause 
the angle to inerease. 


• Xiphoid proeess: An 

important landmarkfor 
cardiopulmonary resuscitation 
(CPR), the xiphoid proeess 
provides an attaehment point 
for some abdominal muscles. 


• Body:This isthe longest 
portion; it joins the manubrium 
at the sternal angle (also ealled 
the angle of Louis), which is also 
the loeation of the seeond rib. 


• Manubrium:This is the 
broadest portion; the 
suprasternal noteh (at the top 

of the manubrium between the 
two elavieles) is easily palpated. 


FAST FACT 


Besides proteeting the thoraeie 
organs, the ribs also proteet the 
spleen, the liver, and a portion of the 
kidneys. 
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PARTII eovering, Siipport, and Movement of the Body 



Peetora Girdle 


Also ealled the shoulder girdle, the peetoral girdle supports the arm. The two peetoral girdles- 
one on eaeh side of the body—eonsist of a elaviele (eollarbone) and a scapula (shoulder blade). 



FAST FACT 


The elaviele is the most 
eommonly broken bone 
in the body. 


A slightly S-shaped bone, the elaviele 
articulates with the sternum and the 
scapula and helps support the shoulder. 



Loeated on the posterior portion of the 
thorax, the scapula lies over ribs 2 to 7. 
The lateral portion ofthistriangle-shaped 
bone has three main features. 

• The aeromion process:This 
extension of the scapula articulates 
with the elaviele; it is the only point 
where the arm and the scapula 
attaeh to the rest of the skeleton. 

• The eoraeoid process:This 
finger-like proeess provides a point 
of attaehmentfor some ofthe 
muscles of the arm. 

• The glenoid cavity:This shallow 
soeket articulates with the head of 
the humerus (upper arm bone). 


I 



Upper Limb 



The upper limb, or arm, eonsists of the humerus (upper arm bone), the radius and the ulna (the 
bones of the lower arm), and the earpals (the bones of the hand). 


The humerus is the long bone of 
the upper arm. It eontains these 
features: 

• Head:The enlarged end of 
this long bone is eovered 
with articular eartilage; it 
articulates with the glenoid 
eavity of the scapula. 

• Oleeranon fossa: This is a 
depression on the posterior 
side of the humerus. 

• Oleeranon proeess: This is 
the bony point of the elbow; 
it slides in the oleeranon 
fossa when the arm is 
extended. (See the pull-out 
image of the posterior side 
of the elbow.) 



One of the two bones of the 
lower arm, the radius, is 
loeated on the same side as 
thethumb. 


The proximal head of 

the radius is a distinetive 
dise that rotates on the 
humerus when the palm 
is turned forward and 
baek. 

The radial tuberosity 

is where the bieeps 
muscle attaehesto 
the bone. 


The ulna is the other bone of the 
lower arm; it is longer than the radius. 


The styloid proeesses of the radius and ulna 

are the bony bumps that ean be felt at the wrist. 


Anterior view of right arm 


FAST FACT 


When the palm of the hand is faeing 
up (supination), the radius and ulna 
lie parallel to eaeh other. When the 
palm is turned down (pronation), the 
radius and ulna eross. 
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Hand 

The hand eonsists of the wrist, palm, and fìngers 


n 



Distal phalanx 


Middle phalanx 


Proximal phalanx 


Head 


Trapezoid 

Trapeziiim 


Hamate 

Triquetrum 

Pisiform 



The fingers are formed by bones ealled 
phalanges. (The singularform of phalanges is 
phalanx.) The thumb eontains two phalanges; 
the rest of the fingers eontain three.The 
phalanges are identified by the Roman 
numerals I through V (beginning with the 
thumb) and as being proximal, middle, or 
distal. For example, distal phalanx IV is the tip of 
the ring finger. 


Five metaearpal bones form the palm of 
the hand.The proximal end is ealled the 
base, the shaft is ealled the body, and the 


distal end is ealled the head.The knuckles 
that appear when you eleneh your fist are 
the heads of the metaearpals. 


Eight earpal bones —arranged in two 
rows of four bones—form the wrist. 
These bones allow the wrist to move 
baek and forth as well as side to side. 
Eaeh bone has an individual name. 


Posterior (baek of hand) view 


The earpal bones of the wrist articulate with the five metaearpal 
(MC) bones. Moving from left to right in two rows, the bones are 
seaphoid, lunate, triquetrum, pisiform, trapezium, trapezoid, 
eapitate, and hamate. (To help you remember, use the mnemonie 
"Stop LettingThose PeopleTouch the Cadaver's Hand.") 


Life lesson: Repetitive 
strain injnries 

Our almost nonstop use of computers and eell 
phones is taking a toll on the hands and vvrists of 
millions of people. The resultant injuries are knovvn 
as repetitive strain injuries. When someone performs 
the same motion over and over—even typing on a 
keyboard—without rest, the muscles in the wrists 
beeome fatigued and, eventually, the joint beeomes 
inflamed.The resulting pain ean be debilitating. 

Doetors have dubbed an inflammation of the 
tendons of the wrist as"Guitar Hero syndrome," 
because it has been occurring in those who have 
spent many hours strumming to the video game. 
Another high-teeh injury is"BlaekBerry thumb": a 
painful inflammation in the thumb as a result of 
frequent texting. 
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Pelvie Girdle 



Eaeh of the two large bones of the hip is ealled an os coxae; it may also be ealled a coxal bone or 


innominate bone. Together they form what s known as the pelvie girdle: the foundation of the pelvis. 


The os coxae is not a single bone; rather, it eonsists of three bones fused together, as shown here. 


Ilium: A large, flaring 


Qoon im 


seetion you ean feel 


under the skin 


lschium:The lower 


posterior portion 


Pubis: The most 


anterior portion that 


joins with the other 


pubis atthe 


symphysis pubis, a 



dise of eartilage that 


Symphysis pubis 


separatesthetwo 


pubic bones. 


Posteriorly, eaeh os coxae articulates 


with the saemrn at the saeroiliae joint. 


The os coxae eontains a number of features that serve as 


landmarks. Some of these are best viewed laterally, as 


shown here: 



Os coxae 


Sacrum 


lliae erest: The upper, outer edge of the ili 


ium 


Greater seiatie noteh: Point through which 


the seiatie nerve passes on its path to the 


baek of the thigh 


Acetabulum: A depression that houses the 


head of the femur to form the"hip soeket" 


isehial spine: Projeetion into the pelvie eavity 


Lesser seiatie noteh 


isehial tuberosity: Supports your body when 



Obturator foramen: Large hole belowthe 


acetabulum that's elosed by a ligament 



you're sitting 


Lateral view of right os coxae 



FAST FACT 


Because the marrow 


eontained in the ilium 


produces blood eells, it 


is a eommon site for 


bone marrow biopsies. 
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Pelvis 

The eombination of the os coxae and the saertim is known as the pelvis. The pelvis supports the trunk, provides an 
attaehment point for the legs, and also proteets the organs of the pelvis (including the lower eolon, reproductive organs, and 
urinary bladder). The pelvis is divided into a true (lesser) pelvis and a false (greater) pelvis. 


The true pelvis extends between what's 
known as the pelvie brim. 


The pelvie outlet is the lower edge of the 
true pelvis.The diameter of the pelvie out- 
let is measured as the distanee between 
the two isehial bones.The pelvie outlet is 
the passageway through which an infant 
enters the world; therefore, the distanee 
between the two isehial bones must be 
wide enough to allow his head to pass. 


The false pelvis extends between the 
outer, flaring edges of the iliae bones. 



Pelvis as viewed from above 




The Body AT WORK 



The male and female pelvises have a number ofdifferenees, mainly because the female pelvis is adapted forpregnaney 
and ehildbirth. 


Male 


Female 



Pelvie brim 
Pelvie inlet 


Pubic areh 



In general, the true pelvis is wide and shallow in females and narrow and deep in males. Also, females have a larger 
pelvie outlet and widerpubic areh than males do. The female symphysis pubis softens before delivery which allows 
the pelvie outlet to expand as the newborn's head passes through the birth eanal. 
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Lower Limb 




The bones of the lower limb—which eonsist of the femur (thigh bone), patella (kneeeap), tibia and fibula (bones of the 
lower leg), and foot—join with the pelvis to give the body a stable base. More importantly, the bones of the lower limb are 
articulated in such a way as to allow the body to move. 
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Femur 

The longest and strongest bone in the body, the femur 
articulates with the acetabulum of the pelvis to form a 
ball-and-soeket joint. 
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The neek of the ferrmr is a 
frequent site for fractures in 
elderly persons. 
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Patella 



Commonly known as the kneeeap, the 
patella is a triangular sesamoid bone 
embedded in the tendon of the knee. At 
birth, the patella is eomposed of eartilage. 
It ossifies between the ages of three and 
six years. 


Fibula 

The long and slender fìbula resides 
alongside the tibia and helps stabilize the 
ankle. It does not bear any weight. 


The head of the fibula articulates with 
thetibia. 


The distal end of the fibula forms the 

lateral malleolus of the ankle. 




The head of the femur fits into the 
rounded contour of the acetabulum. 


These two bony projeetions 
provide attaehment points for hip 
muscles. 


Medial 

epieondyle 


Lateral 

epieondyle 


The medial and lateral 
epieondyle are the widest points 
of the femur at the knee. 


Tibia 

Of the two bones in the lower leg, the tibia is the only one that 
bears weight. Commonly ealled the shinbone, the tibia 
articulates with the femur. 


The tibial tuberosity (which ean be 
palpated just below the patella) serves as 
the attaehment point for thigh muscles. 


The bony knob you ean palpate on your 
inner ankle is the medial malleolus. 


























































Footand Ankle 

The bones of the foot and ankle are arranged similarly to those of the hand. However, because the foot and ankle bear the 
weight of the body, the size of the bones, as well as how theyre arranged, differs. 


The phalanges form the toes.The great 
toe, ealled the hallux, eontains only two 
bones: a proximal and distal phalanx.The 
remaining toes eontain a proximal, middle, 
and distal phalanx. 


The metatarsals —which are numbered 
I through V, beginning medially—form 
the middle portion of the foot. 


Navicular 


The tarsal bones eomprise the ankle. 


Distal 

Middle LPhalanges 



The distal row of tarsal bones eonsists of 
three cuneiforms and the large cuboid. 


The seeond-largest tarsal bone is the talus. 
The talus articulates with three bones: the 
calcaneus on its inferior surface, the tibia 
on its superior surface, and another tarsal 
bone (ealled the navicular) on its anterior 
surface. 


The largest tarsal bone is the calcaneus. 
This bone, which forms the heel, bears 
much of the body's weight. 


Arehes ofthe Foot 

Strong ligaments hold the foot bones together in a way that forms arehes in the foot. Just as arehes add supporting strength 
to a building, foot arehes give the foot more strength to support the weight of the body. 
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The arehes of the foot include a lateral 
longitudinal areh, a medial longitudinal 
areh, and a transverse areh. 


Transverse areh 

Lateral longitudinal areh 
Medial longitudinal areh 



Transverse areh 
Lateral longitudinal areh 

Medial longitudinal areh 


If the ligaments weaken, 
the arehes flatten, leading 
to a eondition ealled fallen 
arehes or flat feet. 



Transverse areh 
Lateral longitudinal areh 

Medial longitudinal areh 


Wearing high heels 
shifts the weight of the 
body onto the heads of 
the metatarsals. Over 
time, this may lead to 
pain and injuries. 
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PARTII eovering, Siipport, and Movement of the Body 



Appendicular skeleton: Bones making 
up the limbs, pelvis, and shoulder 
areas 

Artieiilation: The site of elose 
approximation of two or more bones 

Axial skeleton: The skeleton that 
forms the eentral supporting axis of 
the body 

Carpal bones: Small bones of the wrist 


False pelvis: Portion of the pelvis that 
extends between the edges of the iliae 
bones 

Fontanel: Un-fused area of an infanfs 
skull 

Fossa: A furrow or depression 

Foramen: A round opening in a bone, 
usually a passageway for vessels and 
nerves 


Seoliosis: A lateral curvature of the 
spine 

Sinus: Cavity in the skull filled with 
air 

Sulcus: Groove or elongated 
depression 

Sutures: Immovable joints of the skull 

Troehanter: A large proeess; found 
only on the femur 



Condyle: Rounded knob; usually fits 
into a fossa on another bone to form a 
joint 

Crest: A moderately raised ridge 

Epieondyle: A bump superior to a 
eondyle 

Faeet: A flat surface 


Head: The prominent, expanded end 
of a bone 

Kyphosis: An exaggerated thoraeie 
curvature 

Meatus: A tube-like opening 
Proeess: A projeetion or raised area 


True pelvis: Portion of the pelvis that 
extends between the pelvie brim 

Tubercle: A small, rounded proeess 

Tuberosity: A rough, raised bump, 
usually for muscle attaehment 



To make the information in this ehapter part of your 
working memory, take some time to refleet on what you’ve 
learned. On a separate sheet of paper, write down 
everything you reeall from the ehapter. After youre done, 
log on to the DavisT/z/j website, and eheek out the Study 
Group podeast and Study Group Questions for the ehapter. 


Key Topies for Chapter 7: 

• Bone surface markings 

• Bones of the axial and appendicular skeleton 

• Bones of the skull and faee 

• Simises 

• The vertebral column 

• Characteristics of vertebrae 

• The thoraeie eage 

• Bones of the upper limb and hand 

• Bones of the pelvie girdle 

• Bones of the lower limb and foot 
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Ansivers: Chapter 7 

1. Correct anstver: d. All of the other bones are 
eranial bones. 

2. Correct anstver: a. The mandible is the lower jaw. 
The zygomatie bones shape the eheeks. The 
laerimal bones form part of the side wall of the 
orbit. 

3. Correct answer: b. Transverse proeesses extend 
from eaeh side of the vertebra. Intervertebral dises 
sit in between eaeh vertebra. Vertebral foramen are 
openings that allow for passage of the spinal eord. 
None of these strtiettires ean be palpated. 

4. Correct answer: e. All of the ribs attaeh to the 
vertebral column. Ribs 1 through 7 (the true ribs) 
attaeh to the sternum. Ribs 8 through 12 are 
ealled false ribs; ribs 8, 9, and 10 attaeh to the 
eartilage of rib 7 while ribs 11 and 12 (ealled 
floating ribs) do not attaeh to any part of the 
anterior thoraeie eage. 

5. Correct answer: a. The radial tuberosity is where 
the bieeps muscle attaehes to the bone. The earpal 
bones are the small bones of the wrist. The 
aeromion proeess is an extension of the scapula 
that articulates with the elaviele. 

6. Correct answer: b. The obturator foramen is a large 
hole below the acetabulum. The saeroiliae joint is 
the joint where the os coxae articulates with the 
sacrum. The acetabulum is a depression that 
houses the head of the femur. 

7. Correct answer: b. The fibula articulates with the 
tibia but does not support any weight. The tibia is 
the primary bone of the lower leg that supports 
weight. The medial and lateral malleolus are 
projeetions from the tibia and fìbula, respeetively, 
that form the bony knob of the ankle. 

8. Correct answer: b. The talus and navicular bones 
are both tarsal bones, but the calcaneus is the 
largest tarsal bone and it is the one that forms the 
heel. The metatarsals are bones that make up the 
middle portion of the foot. 

9. Correct answer: d. The ilium is the large, flaring 
portion of the os coxae. The ischium forms the 
lower posterior portion of the os coxae. The 
obturator foramen is a hole below the acetabulum. 

10. Correct answer: b. The frontal bone forms the 
forehead and roof of the eye soekets. The ethmoid 
bone lies anterior to the sphenoid bone and forms 
part of the roof of the nasal eavity. The temporal 
bones form the sides of the cranium and part of 
the eranial floor. 


1. Which bone is a faeial bone? 

a. Sphenoid 

b. Ethmoid 
e. Mastoid 

d. Vomer 

2 . Which bones form the upper 
jaw? 

a. Maxillae 

b. Mandible 

e. Zygomatie bones 

d. Laerimal bones 

3 . The bumps you feel when you 
run your hand along the spine in 
the baek are: 

a. transverse proeesses. 

b. spinous proeesses. 

e. intervertebral dises. 

d. vertebral foramen. 

4 . Why are ribs 8 through 12 ealled 
false ribs? 

a. These ribs are made of 
eartilage instead of bone. 

b. These ribs do not attaeh to the 
thoraeie vertebrae. 

e. These ribs do not attaeh to the 
anterior thoraeie eage. 

d. These ribs attaeh to the 
manubrium. 

5 . What are the bony proeesses that 
ean be felt at the wrist? 

a. The styloid proeesses of the 
radius and ulna 

b. The radial tuberosity 

e. The earpal bones 

d. The aeromion proeess 


6 . Which part of the os coxae 
supports your body weight 
when sitting? 

a. Obturator foramen 

b. isehial tuberosity 
e. Saeroiliae joint 

d. Acetabulum 

7 . Which bone does not support 
any body weight? 

a. Tibia 

b. Fibula 

e. Medial malleolus 

d. Lateral malleolus 

8 . The bone that forms the heel is 
the: 

a. talus. 

b. calcaneus. 

e. metatarsal. 

d. navicular. 

9 . To form the hip joint, the head 
of the femur rests in the: 

a. ilium. 

b. ischium. 

e. obturator foramen. 

d. acetabulum. 

10. The pimitary gland rests in an 
indented area in which eranial 
bone? 

a. Frontal 

b. Sphenoid 

e. Ethmoid 
d. Temporal 



. Go to http://davisplus.fadavis.com Keyvvord: 

L/3VÌSr | Thompson to see all ofthe resources available 

with this ehapter. 
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CHAPTER outline 


LEARNING OUTCOMES 


Classifications of Joints 


1. Explain what joints are and the functions they 


serve. 


2. Identify and deseribe the four elassifieations for 
joints. 

3. Deseribe the structures found in all synovial 
joints. 

4. Name and deseribe the five types of synovial 
joints. 

5. Name and deseribe the range of movements of 
synovial joints. 

6. Identify the major anatomieal features of the 
shoolder, elbow 7 knee, and hip. 

























The hody eontains over 300joints. In faet, the only bone without 
ajoint is the hyoid bone in the neek. 

Joints—also ealled articulations—are points where bones meet. Some joints are eompletely immovable; others allow only 
limited movement. Most joints, however, permit eonsiderable movement. Through the interaetion of multiple 
intereonneeting parts, these ineredible structures allow the body to walk, run, danee, throw a ball, and even type on a 
computer. 


ass fieations 


Joints 


Joints may be elassified aeeording to how movable they are: fixed, semi-movable, or 
freely movable. They may also be elassified aeeording to the material that binds them 
together. For example, fixed joints are bound by fibers and are ealled fibrous joints; 
semi-movable joints are joined by eartilage and are ealled cartilaginous joints; freely 
movable joints eontain a fluid-filled joint capsule and are ealled synovial joints. 

Fibroiis Joints 

Fibrous joints—also ealled synarthroses—result when eollagen fibers from one bone 


penetrate the adjaeent bone, anehoring the bones in plaee. 


The adult skuN's suture joints are fibrous 
joints: onee growth is eomplete, the bones 
of the skull knit together securely, offering 
proteetion to the brain. 


FAST FACT 


The braneh of seienee that srndies 
joint structure, function, and 
dysfunction is ealled arthrology. 


Cartilaginous Joints 



In cartilaginous joints, two bones are joined by eartilage. These joints 
movable. 



The two pubic portions of the os 
coxae are joined by a pad of 
eartilage ealled a symphysis, thus 
forming the joint known as the 
symphysis pubis. 


ealled amphiarthroses—are slightly 



Fibrocartilaginous pads (ealled 
intervertebral dises) reside 
between eaeh vertebrae, making 
the vertebrae of the spine 
cartilaginous joints. These pads 
of eartilage absorb shoek and 
allow for limited movement. 








































































Synovial Joints 

Synovial joints—also ealled diarthroses—are freely movable. They’re also the most ntimerotis and versatile of all the bodys 
joints. Every synovial joint eontains the following structures: 



Joint capsule: Extending from the 
periostetim of eaeh of the articulating 
bones is a sheet of eonneetive tissue that 
eneloses the joint eavity. 


Synovial membrane:This moist, slippery 
membrane lines the inside of the joint 
capsule, where it seeretes synovial fluid. 


Joint eavity: This small spaee between the 
bones allows for freedom of movement. It 
also eontains synovial fluid, a slippery, 
viscous fluid that has the eonsisteney of an 
egg white. Synovial fluid lubricates the 
joint, nourishes the eartilage, and eontains 
phagoeytes to remove debris. 


Articular eartilage: A thin layer of hyaline 
eartilage eovers the bone surfaces. In 
eombination with synovial fluid, the articular 
eartilage permits frietion-free movement. 


Ligaments:Tough eords of eonneetive 
tissue help bind the bones more firmly 
together. 


Bursae in SynovialJoints 

Some joints—such as the knee, shoulder, and elbow—eontain 
small saes fìlled with synovial fluid ealled bursa (plural: bursae). 
Residing in areas where muscles and tendons pass over bony 
prominenees, the bursae faeilitate movement and ease frietion. 


Bursa 



Tendon 


Muscle 




V 


V 



The Body AT WORK 

Joints are typieally named for the bones involved. 
For example, the humeroscapular joint is the 

articulation ofthe humerus and the scapula. The 

temporomandibular joint is the articulation 
betvveen the mandible and the temporal bone in 
the skull. The saeroiliae joint is the point vvhere 
the sacrum and the ilium meet. 
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Types of Synovial Joints 

Not all synovial joints are confìgured the same. In faet, the body eontains six types of synovial joints, with eaeh joint type 
offering a speeifie movement. 


Ball-and-Socket Joint 

The ball-shaped head of one bone fits into a cup-like soeket of 
another bone to form this joint to offer the widest range of motion of 
all joints.The shoulder and hipjoints are both ball-and-soeket joints. 



Humerus 



Pivot Joint 

ln this joint, a projeetion from one bone articulates with a ring- 
shaped soeket of another bone, allowing the bones to rotate, or 
pivot. For example, the dens of the seeond eervieal vertebra turns 
within a ring-shaped portion of the first vertebra, allowing the 
head to rotate. Another example is the radioulnar joint, in which 
the head of the radius rotates within a groove of the ulna. 


Scapula 




Atlas 

top vertebra 
Axis 

seeond vertebra 


Hinge Joint 

Just like the hinge on a door, these joints allow 
only baek-and-forth movements (flexion and 
extension).To form a hinge joint, the convex 
surface of one bone (such as the humerus) fits 
into a eoneave depression on another bone (such 
as the ulna). Besides the elbow, other examples 
of hinge joints includethe knee and the 
interphalangeal joints of the fingers and toes. 



Humerus 

Radius 
Ulna 



Condyloid Joint 

Here, an oval convex surface on one bone 
fits into a similarly shaped depression on 
another. Examples include the articulation 
of the distal end of the radius with the 
earpal bones of the wrist as well as the 
joints at the base of the fingers. Condyloid 
joints allow flexion and extension as well as 
side-to-side movement. 



Saddle Joint 

The surfaces of both bones in this joint are 
shaped like the surface of a saddle: eoneave in 
one direetion (like the front to rear curvature 
of a horse's saddle) and convex in the other 
(like the right to left curvature of a saddle). 
When perehed on top of eaeh other, this 
shape allows the bones to move baek and 
forth and from side to side, although the 
side-to-side motion is limited. Found only in 
the thumbs, this joint's unique shape allows 
the thumb to move over to touch the tips of 
the fingers, which gives us the ability to grasp 
small objeets. 



Trapezium 



First 
metaearpal 
of thumb 


Radius 



Seaphoid 



Gliding Joint 

ln thisjoint, thetwo bonesurfaces—which are relatively flat— 
slide over eaeh other. Surrounding ligaments limit the amount of 
movement, making these the least mobile of all the synovial 
joints. Examples of these joints includethetarsal bones ofthe 
ankle, the earpal bones of the wrist, and the articular proeesses 
ofthe vertebrae. 



Tarsals 


Metatarsals 



— Gliding 
_ joints 
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Movements of Synovial Joints 

The movements a joint ean make depend upon the shape of the joint (as previously discussed) as well as the involvement of 
nearby muscles, tendons, and ligaments. The terms used to deseribe the movements are shown here. 

Flexion and Extension 

ANIMATION® 











f 




1«.- I 











Flexion involves bending a joint so as to 
deerease the angle of the joint. 


Extension involves straightening a joint, 
inereasing the angle between the bones. 














Hyperextension 


Extension 







Flexion 


Hyperextension is the extreme extension 
of a joint beyond its normally straight 
position. 



Dorsiflexion involves moving the toes or 
foot upward. 





Plantar flexion involves moving the toes or 
foot downward (toward the plantar surface). 


Abduction andAdduction 

ANIMATION ® 







Abduction is the movement of a body part 
away from the midline of the body. 



Adduction is the movement of a body part 
toward the midline of the body. 


























































































































































Circumduction 

ANIMATION0 



ln circumduction, the distal end of an 
appendage, such as the arm or leg, moves in 
a eirele. 


Supination and Pronation 



Siipination is a movement that turns the 
palm upward. 



Pronation is a movement that turns the 
palm downward. 


123 


Rotation 





Internal rotation occurs when a bone 
spins toward the body's midline. (For 
example, the femur undergoes internal 
rotation when you turn your foot toward 
the body's midline.) 



External rotation occurs when a bone 
spins away from the body's midline. (For 
example, the femur undergoes external 
rotation when your turn foot away from 
the midline of the body.) 


Inversion and Eversion 

ANIMATION @ 




Eversion is a foot movement that turns the 
sole laterally, away from the other foot. 


Protraetion and Retraetion 



Protraetion moves a part forward. 



Retraetion moves a part backward. 
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Key Synovial Joints 

The joints that most often require medieal attention include the shoulder, elbow, knee, and hip. 


Shotilder 

The shoulder is ealled the humeroscapular joint (denoting 
the articulation of the humerus with the scapula) or the 
glenohumeral joint (denoting the articulation of the head 
of the humerus with the glenoid eavity of the scapula). The 
ball-and-soeket joint of the shoulder has the greatest range 
of motion of any joint in the body. 

Because the shoulder is more mobile 
than it is stable, it is supported by a 
number of muscles, tendons, ligaments, 
and bursae. Speeifìeally, the joint is 
supported by five prineipal ligaments 
and four bursae. In addition, the 
tendons of several surrounding muscles 
form the rotator cuff, which helps hold 
the head of the humerus in the shallow 
glenoid eavity. 


Clavicle 


Bursae 



Ligaments 


Humerus 


Anterior view 


Life lesson: Shoiilder disloeation 

Of all the joints in the body, the shoulder is the one most likely to suffer a 
disloeation. When it does disloeate, it usually does so inferiorly, a result of 
a downward-driving foree. That's because the rotator cuff proteets the 
joint in every area except inferiorly; the top of the joint also has additional 
proteetion from the elaviele and eoraeoid and aeromion proeesses. Most 
disloeations occur when an outstretched arm reeeives a blow from above. 

Ghildren are espeeially prone to shoulder disloeations because their 
shoulders aren't fully ossified. Their injuries usually result from being 
jerked off the ground by one arm or from a forceful tug on the arm. 


Elbow 

The elbow is a hinge joint eonsisting of two articulations: 
one between the humerus and the ulna (the humeroulnar 
joint) and the seeond between the humerus and the head of 
the radius (the humeroradial joint). A single joint capsule 
eneases both articulations. Ligaments on either side help 
stabilize the joint. 


Bursa 


Humerus 


Joint capsule 


Tendon (cut) 




C“ 

__ 




Radius 




Ligaments 


Ulna 
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Knee 

The knee, or tibiofemoral joint, is the largest joint in the body: it’s also the most complex. Besides the structures shown 
here, the knee also eontains 13 bursae, which serve as pads around the knee joint. 


Femur 


Fibular 

eollateral 

ligament 

Lateral 

meniscus 



Fibula 


f 


Tibia 


Tibial eollateral 
ligament 


Posterior cruciate 
ligament 

Anterior cruciate 
ligament 


Medial meniscus 


The eondyles of the femur pereh on the 
flat upper surface of the tibia. 



Two eollateral ligaments (the fibiilar 
eollateral ligament and the tibial 
eollateral ligament) keep the knee from 
rotating when the joint is extended. 


The posterior emeiate ligament (PCL) 
and the anterior emeiate ligament (ACL) 

eross eaeh other and further stabilize the 
knee.The ACL keeps the knee from 
hyperextending, while the PCL limits 
sideways motion. 



Two slightly eoneave pieees of 
fibroeartilage—the lateral meniscus and 
the medial meniscus —eradle the 
eondyles and absorb shoek. 


Anterior view 


Life lesson: Knee injtiries 

Because the knee has few surrounding muscles, it's injured more often than the 
hip. It's particularly susceptible to blows or sudden stops or turns, making knee 
injuries one of the most 
eommon athletie injuries. In 
particular, the meniscus and 
the anterior emeiate ligament 
(ACL) are most frequently 
injured. Because eartilage has 
no blood supply, and ligaments 
have a minimal blood supply, 
these types of injuries heal 
slowly, or not at all. 

Consequently, surgical repair is 
often neeessary, usually by 
arthroseopy. In this procedure, 
the joint is viewed and 
repaired through the use of a 
peneil-thin, tube-like 
instrument ealled an 
arthroseope. 


Torn anterior 
cruciate ligament 


Torn tibial 
eollateral ligament 


Torn 

medial meniscus 



Life lesson: 

Joint replaeement 

Arthroplasty is a surgical procedure that 
replaees a diseased joint with an 
artifieial deviee, or prosthesis. Joint 
replaeements are most eommonly 
performed on the hip and the knee, 
although they ean also be done on 
fingers, the elbow, and the shoulder. In 
faet, more than 1 million Amerieans 
have a hip or knee replaeement eaeh 
year.The procedure is most often done 
to replaee joints that have been 
damaged by osteoarthritis. (See Life 
lessoir.Arthritis on the next page.) 

In a joint replaeement, the heads of 
long bones are replaeed with a 
prosthesis made of a metal alloy, while 
the joint soeket is made of high-density 
polyethylene. In the past, prostheses 
were eemented in plaee. Newer 
prostheses, however, allow bone to 
grow into the artifieial material, thus 
inereasing stability. 
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Hip 

The hip is a ball-and-soeket joint, just like the shoulder. However, the hip is more stable than the shoulder, mainly due to 
the faet that the hip soeket—the depression into which the head of the femur sits—is much deeper than the soeket of the 
shoulder joint. 


Several ligaments help hold the femur in 
plaee. When you stand, the ligaments twist, 
pulling the head of the femur into the 
acetabulum. 



Greater 

troehanter 


troehanter 


Femur 


Life lesson: Arthritis 

Arthritis refers to inflammation of a joint. While there are 
over 100 types of arthritis and related eonditions, the most 
eommon form is osteoarthritis. Referred to as"wear-and- 
tear"arthritis, the disorder is a eommon effeet of aging. In 
faet, osteoarthritis affeets 85% of people over age 70. With 
age, articular eartilage softens and degenerates, 
sometimes to the point that bone is exposed to bone, 
resulting in pain. Osteoarthritis most often affeets the hips, 
knees, intervertebral joints, and fingers. 

In eontrast, rheumatoidarthritis is an autoimmune 
disease in which the body's antibodies attaekthe synovial 
membranes, leading to degeneration of the articular 
eartilage and thiekening of the synovial membrane. Over 
time, the disease may destroy the synovial membrane and 
ealeify the joint. This severe form of arthritis causes pain 
and joint deformity along with systemie symptoms such as 
fatigue, fever, and anemia. While there is no cure, drug and 
physieal therapy ean help eontrol symptoms. 


Pubis 


Anterior view 
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The Body AT WORK 

Regular exercise may help proteet artieaiar 
eartilage from "vvearand tear." Here's vvhy: 
Cartilage depends on synovial fluid for oxygen 
and nutrients. During exercise, joint eompression 
squeezes fluid and metabolie vvastes outofthe 
eartilage. Then, vvhen the vveightis removed, the 
eartilage sucks up synovial fluid like a sponge. 
The periods ofeompression and relaxation 
aeeompanying exercise cause the synovial fluid, 
along vvith its supplyofoxygen, nutrients, and 
phagoeytes, to eyele through the eartilage. 
Withoutexercise, articularcartilage deteriorates 
more rapidly because ofa laek ofnutrition, 
oxygenation, and vvaste removal. 

Warming up before vigorous exercise also 
helps proteet articular eartilage. Onee vvarm, the 
synovial fluid is less viscous, vvhieh allovvs the 
eartilage to soak it up more easily. This causes 
the eartilage to svvell, making it a more effeetive 
cushion against eompression. 
















































Abdiietion: Movement away from the 
body 

Addiietion: Movement toward the 
body 


Arthrology: The braneh of seienee that 
studies the structure, function, and 
dysfunction of joints 


Artieiilation: The point at which bones 
meet to form a joint 


Ball-and-soeket joint: Joint in which 
the ball-shaped head of one bone fìts 
into a cup-like soeket of another 

Bursae: Small saes filled with synovial 
fluid that ease frietion in areas where 
muscles and tendons pass over bony 
prominenees 


Cartilaginous joints: Semi-movable 
joints joined by eartilage 


Condyloid joint: Joint (such as occurs 
at the base of the fìngers) in which an 
oval convex surface on one bone fits 
into a similarly shaped depression on 
another bone 

Eversion: Foot movement that turns 
sole laterally, away from the other foot 

Fibrous joints: Fixed joints bound by 
eollagen fibers 

Gliding joint: Joint (such as occurs in 
the tarsal bones of the ankle) in which 
two bone surfaces slide over eaeh 
other 

Hinge joint: Joint that allows only 
baek-and-forth movement 

Inversion: Foot movement that turns 
the sole medially 


Pivot joint: Joint (such as occurs 
between the first and seeond eervieal 
vertebrae) in which a projeetion 
from one bone articulates with the 
ring-shaped soeket of another bone, 
allowing the bones to pivot 

Pronation: Movement that turns the 
palms downward 

Saddle joint: Joint (such as occurs in 
the thumbs) in which the surfaces of 
both bones are eoneave in one 
direetion and convex in the other, 
allowing the bones to move baek and 
forth and from side to side 

Supination: Movement that turns the 
palms upward 

Synovial joints: Freely movable joints 
that eontain a fluid-filled joint capsule 



To make the information in this ehapter part of your 
working memory, take some time to refleet on what youve 
learned. On a separate sheet of paper, write down 
everything you reeall from the ehapter. After you’re done, 
log on to the DavisT/^ website, and eheek out the Study 
Group podeast and Study Group Questions for the ehapter. 


Key Topies for Chapter 8: 

• Classifìcations of joints 

• Characteristics of fibrous joints 

• Characteristics of cartilaginous joints 

• Characteristics of synovial joints 

• Types of synovial joints 

• Movements of synovial joints 

• Characteristics of the shoulder, elbow, knee, and hip 
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Answers: Chapter 8 

1. Correct ansioer: a. Cartilaginous joints are slightly 
movable while synovial joints are freely movable. A 
pivot joint is a type of joint that allows rotation. 

2. Correct answer: b. Synovial joints outnumber 
fibrous and cartilaginous joints. Synarthroses are 
another name for fibrous joints. 

3. Correct ansioer: d. The joint capsule is a sheet of 
eonneetive tissue enelosing the joint eavity, and the 
synovial membrane seeretes synovial fluid. Both 
contribute to joint function but aren’t the key 
structures that allow frietion-free movement. 
Ligaments help stabilize the joint and do not 
contribute to frietion-free movement. 

4. Correct ansiver: b. A gliding joint allows a limited 
sliding movement in the bones of the wrist and 
ankle; the saddle joint is found in the thumb and 
permits both a baek-and-forth and side-to-side 
motion; a hinge joint allows baek-and-forth 
movement. 

5. Correct ansioer: d. A hinge joint allows only 
baek-and-forth movement, a gliding joint allows 
limited sliding movement, and a eondyloid joint 
allows flexion and extension as well as side-to-side 
movement. In eontrast, a ball-and-soeket joint 
offers a full range of motion. 

6. Correct ansioer: d. Abduction is movement away 
from the midline of the body. Pronation is a 
movement that turns palms downward. Inversion 
is a foot movement that turns the sole medially, 
toward the other foot. 

7. Correct ansioer: a. The hip is more stable than the 
shoulder because it has a deep soeket. Neither the 
elbow nor the knee is prone to disloeation. 


1. The least movable joint is a: 

a. fibrous joint. 

b. cartilaginous joint 
e. pivotjoint. 

d. synovial joint. 

2 . Most of the joints in the body are: 

a. fibrous joints. 

b. synovial joints. 

e. cartilaginous joints. 

d. synarthroses. 

3 . Along with synovial fluid, this 
structure permits frietion-free 
movement in synovial joints. 

a. Joint capsule 

b. Ligaments 

e. Synovial membrane 

d. Articular eartilage 

4 . Which type of joint allows the 
head to rotate (such as when 
shaking the head “no”) ? 

a. Glidingjoint 

b. Pivot joint 

e. Saddle joint 
d. Hinge joint 


5 . The joint offering the widest 
range of motion is the: 

a. hinge joint. 

b. gliding joint. 

e. eondyloid joint. 

d. ball-and-soeket joint. 

6 . An extreme extension of a joint 
beyond its normally straight 
position is ealled: 

a. abduction. 

b. pronation. 

e. inversion. 

d. hyperextension. 

7 . Which joint is most likely to be 
disloeated? 

a. Shoulder 

b. Hip 

e. Knee 
d. Elbow 
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8. Correct ansiver: C. Only the knee eontains a medial 
and lateral meniscus. 

9. Correct ansiver: e. All the other ehoiees pertain to 
osteoarthritis. 

10. Correct ansiver: b. Only the shoulder has a rotator 
cuff. 


8 . Which joint has a medial and 
lateral meniscus? 

a. Hip 

b. Elbow 
e. Knee 

d. Shoulder 

9 . Which statement about 
rheumatoid arthritis is true? 

a. It is known as “wear-and-tear 
arthritis. 

b. It affeets 85% of people over 
age 70. 


e. It is an autoimmune disease. 

d. It often affeets the knees, hips, 
intervertebral joints, and 
fingers. 

10 . The rotator cuff is found in 
which joint? 

a. Knee 

b. Shoulder 

e. Hip 

d. Elbow 




Go to http://davisplus.fadavis.com Keyword: 

hompson to see all of the resoiirees available 
with this ehapter. 
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LEARNING OUTCOMES 

1. Identify three types of muscle and the general 
eharaeteristies of eaeh. 


2. Discuss the structure of skeletal muscle. 

3. Explain the two ways skeletal muscle attaehes 
to bone. 

4. Deseribe the eomponents of a rrmsele fiber. 

5. Identify the two proteins found within a 
muscle fiber and the function of eaeh. 


6. Deseribe the structure of a sareomere. 

7. Discuss the sliding filament model of 
eontraetion. 

8. Summarize the proeess of muscle eontraetion 
and relaxation. 

9. Explain the role of calcium and ATP in muscle 
eontraetion. 

10. Discuss how the length of muscle fibers affeets 
the strength of a eontraetion. 

11. Summarize how the stimulus of a muscle fiber 
stimulates eontraetion. 


12. Define muscle tvviteh. 

13. Explain the two key ways used by the nervous 
system to eontrol the strength of a 
eontraetion. 

14. Explain the differenee between isometrie and 
isotonie eontraetions. 



15. Deseribe how muscles meet their demands for 
energy at rest and during exercise. 

16. Deseribe how muscles work in groups to 
ereate movement. 


17. State how muscles are named. 


18. Identify the major muscles of the body 
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The body eontains over 600 muscles y which eomprise about 


40% ofan adult y s body weight. 


Muscles are a unique form of tissue that transform energy into motion. Everything your mind eoneeives is transmitted to 


your muscles to perform. The words you speak, the expression on your faee, the motion of your fìngers as you write or play 


an instmment are possible only because of muscular movement. Even more, muscles operate behind the seenes to propel 


blood through blood vessels, drive the flow of air into and out of the lungs, digest food, and produce body heat. Indeed, this 


sophistieated tissue helps sustain life. 


Types of Miisele 




The body eontains three types of muscle: eardiae muscle, smooth muscle, and skeletal muscle. 




Cardiac Musde 

• Found only in the heart 

• Consists of short, branehing fìbers that fit together at interealated dises 

• Appears striped, or striated, when viewed under a mieroseope 

• Is a type of involuntary muscle because it eontraets automatically 


Smooth Musde 

• Found in the digestive traet, blood vessels, bladder, airways, and uterus 

• Does not appear striped when viewed under a mieroseope, so is ealled nonstriated 

• Known as involuntary muscle, because it eontraets automatically (such as when the digestive 
traet proeesses food) 



Skeletal Musde 

• Attaehed to bone and causes movement of the body 

• Known as voluntary muscle because it ean be eontraeted at will 

• Appears markedly striated when examined with a mieroseope 


The remainder of this ehapter will focus on skeletal muscle. 
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Skeletal Muscle tructure 


Skeletal muscle eonsists of bundles of tiny fìbers that run the length of the muscle. Most fibers are about IV 5 inehes (3 em) 
long and 1/300 ineh (0.03 mm) wide. 


A skeletal muscle eell is ealled a 

musclefiber 


A delieate eonneetive tissue ealled 
endomysium eovers eaeh muscle 
fiber. 


Muscle fibers are grouped in 
bundles ealled faseieles. 


A sheath of tougher eonneetive 
tissue ealled the perimysium 
eneasesthe faseieles. 


Still another layer of eonneetive 
tissue, ealled the epimysium, 
surrounds the muscle as a whole 
and binds all the muscle fibers 
together. 


Connective tissue ealled faseia 
surrounds the muscle outside the 
epimysium. Deepfaseia lies 
between muscles, while superficial 
faseia (hypodermis) resides just 
under the skin. 



Artery, vein, 


nerve 


muscle 


Tendon 





AST FACT 


Tendons and aponeuroses are so strong 
that they rarely break, even by forees 
strong enough to break a bone or tear a 
muscle. They ean, however, be pulled 
away from a bone. 
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The Body AT WORK 

Skeletol muscle may ottoeh to 0 bone in one oftvvo vvoys: 
direet ottoehment or indireet attoehment. 

• In direet attaehment, muscle fibers merge vvith the 
periosteum ofthe bone, forming 0 strong ottoehment. 

• In indireet attaehment, the epimysium extends post the 
muscle os 0 tendon (0 strong, fibrous eord). The tendon then 
merges vvith the periosteum. 

Oeeosionolly, insteod ofottoehing to bone, 0 muscle ottoehes 
to onother muscle. In these instonees, the epimysium extends post 
the muscle os 0 flot, brood tendon eolled on aponeurosis. The 
oponeorosis then fuses vvith the eovering ofthe other muscle. 
Oeeasionally, oponeoroses olso ottoeh to bone. 
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Structure of Muscle Fibers 


Because of their long, thread-like appearanee, muscle eells are ealled muscle fibers. Unlike other eells, muscle fibers have 
multiple nuclei pressed against the side of the plasma membrane. Furthermore, even though muscle fìbers are extremely 
thin, they eontain a complex interior—just like other human eells. 



A system of tubules, ealled transverse (T) tubules, 
extend aeross the sareoplasm. Formed from invvard 
projeetions of the sareolemma, theTtubules allovv 
eleetrieal impulses to travel deep into the eell. 


Thin filament / 
Thiek filament 


Long protein bundles ealled 
myofibrils fill the sareoplasm. 
Myofibrils store glyeogen 
(vvhieh is used for energy) as 
vvell as oxygen. 


Sareoplasmie reticulum 
(SR) —the smooth 
endoplasmie reticulum of a 
muscle fiber—surrounds 
eaeh myofibril.This is vvhere 


calcium ions are stored. 


Myofibrils eonsist of even finer fibers, ealled 
myofilaments.There are tvvo types of 
myofilaments: thiek and thin. Thiek 
myofilaments are made of a protein ealled 
myosin, vvhile thin myofilaments eonsist of 
a protein ealled aetin.The arrangement of 
aetin and myosin gives skeletal muscle its 
striated appearanee. 


The plasma membrane 
surrounding eaeh fiber is 
ealled a sareolemma, 
vvhile the eytoplasm of the 
eell is ealled sareoplasm. 


Mitoehondria 


Thiek Filaments 

Eaeh thiek myofìlament eonsists of hundreds of myosin 
molecules staeked together, with the myosin heads faeing 
outward. 


Myosin head 



The myosin molecule, which makes up thiek 
myofilaments, is shaped like a golf club with a globular 
head and shaft-like tail. 


Thin Filaments 

Consisting of two ehains of the eontraetile protein aetin, 
thin myofilaments look like a string of beads. Entwined 
with the aetin are two other proteins: tropomyosin and 
troponin. 


Troponin 
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Structure of Myofìbril 

The thin and thiek myofilaments staek together, one alternating with the other, to form myofibrils. They do not eompletely 
overlap. Instead, theyre arranged in a type of latticework to form units ealled sareomeres. 


ANIMATION © 


A plate or dise ealled a Z-dise, or Z-line, serves 
as an anehor point for thin myofilaments. 


The seetion between the Z-dises is ealled a 
sareomere This is where muscle eontraetion occurs. 


Thin (aetin) filament 


Thiek (myosin) filament 



Sareomere 


/ 

/ _ 











In a relaxed muscle, the myosin 
and aetin lie side by side, partially 
overlapping.The myosin and 
aetin are eompletely detaehed 
from one another. 


Contraction occurs when the 
myosin heads lateh onto the 
aetin myofilaments.This forms 
what is known as a eross bridge 
between the aetin and myosin. 
The myosin heads lateh onto and 
release the aetin repeatedly, 
ereating a series of "power 
strokes"that propel the aetin 
myofilaments forward, toward the 
eenter of the sareomere. Because 
the aetin myofilaments are 
attaehed to the Z-dises, they pull 
the Z-dises eloser together, 
shortening the sareomere. As the 
sareomere shortens, so does the 
myofibril and the entire muscle. 
This is known as the sliding- 
filament model of eontraetion. 





Z-dise 


FAST FACT 


Keep in mind that the 
myofilaments dont shorten; they 
stay the same length. The 
sareomere shortens because the 
filaments slide over the top of one 
another. 


Thin (aetin) 
filament 


Thiek (myosin) 
filament 


Z-dise 




The Body AT WORK 

Muscle eontraetion requires energyin the form ofadenosine triphosphate 
(ATP). In faet, ATP allovvs the myosin heads to release their grip on the aetin 
filament. The myosin then splits the ATP, giving it fuel to form a nevv eross 
bridge. This eyele ofgripping and releasing causes a series of “povver strokes' 
that moves the aetin smoothly forvvard. 

Besides ATP, eontraetion requires calcium. That's beeaase, vvhen calcium 
is absent, tropomyosin and troponin—the tvvo protein molecules entvvined 
vvith the aetin filament—bloek the sites vvhere the myosin heads would 
attaeh. VVith the sites bloeked, a eross bridge ean't form, and eontraetion 
ean't occur. VVhen calcium is present, it binds with the troponin to expose 
the myosin attaehmentpoints, allowing eontraetion to occur. 
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Muscle Contraction and Relaxation 


To eontraet, a skeletal muscle must be stimulated by a nerve, speeifìeally a motor neuron. The eell 
bodies of motor neurons reside in the brainstem and spinal eord. Extensions from the eell bodies, 
ealled axons, earry impulses to skeletal muscles. Eaeh axon branehes numerous times, with eaeh 
braneh stimulating a different muscle fiber. 

The eonneetion between a motor neuron and a muscle fiber is ealled a neuromuscular junction. 
Between the end of the motor nerve and the muscle fiber is a narrow spaee ealled the synaptie eleft. 


How Musde Fibers Contract 

1. When an impulse reaehes the end of a motor neuron, it causes small vesieles to fuse with the eell membrane 
and release a neurotransmitter (a ehemieal messenger) ealled aeetyleholine (ACh) into the synaptie eleft. 

2 . The ACh quickly diffìises aeross the synaptie eleft, where it stimulates reeeptors in the sareolemma 
(the membrane surrounding the muscle fiber). 

3 . |In turn, this sends an eleetrieal impulse over the sareolemma and imvard along the T tubules. The 
impulse in the T tubules causes the saes in the sareoplasmie reticulum to release calcium. 

The calcium binds with the troponin on the aetin filament to expose attaehment points. In response, 
the myosin heads of the thiek filaments grab onto the thin filaments, and muscle eontraetion occurs. 




Sareomere 


How Muscle Fibers Relax 

When nerve impulses stop arriving at the neuromuscular junction, ACh is no longer released. The enzyme 
aeetyleholinesterase breaks down any remaining ACh while calcium ions are pumped baek into the sareoplasmie reticulum. 
With the calcium removed, troponin and tropomyosin again prevent the myosin heads from grasping the thin filament, and 
the muscle fiber relaxes. 
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Life lesson: 

Disorders ofthe neuromuscular jimetion 

interferenee with any of the steps neeessary for skeletal muscle eontraetion will result in muscle weakness or 
paralysis. A number of toxins and diseases target the neuromuscular junction. Following are just a few: 

• Botulism: This is a form of food poisoning usually acquired from eating improperly eanned foods.The baeteria 
Clostridium botulinum bloeks release of ACh, inhibiting nerve transmission so muscles ean't eontraet. Death 
results from paralysis of respiratory muscles. 

• Myasthenia gravis: In this disease, the body produces antibodies against reeeptors for ACh. As a result, not all 
ACh ean find a reeeptor. Nerve transmission is poor, and profound muscular weakness results. 

• Tetanus ("iock]aw"): This disease results from the bacterium Clostridium tetani , which causes motor neurons 
to fire excessively. This leads to overstimulation of nrmseles, resulting in severe muscle spasms and sustained 
eontraetions. Jaw muscles are typieally affeeted first, henee the name lockjaw. 

• Curare: Onee used to poison arrows, curare is now used in anesthesia to relax skeletal nrmseles. Curare binds 
to ACh reeeptor sites, stopping nerve transmission and causing paralysis. Because the diaphragm is 
paralyzed, patients reeeiving curare must be meehanieally ventilated. 


MuscleTone 

The strength of a eontraetion depends upon the length of the fibers before the eontraetion begins. This is ealled the 

length-tension relationship. 





In overly eontraeted fìbers, the 
sareomeres are shortened. As a 
result, even after stimulation, the 
fiber ean’t eontraet very far before 
the thiek fìlaments bump into the 
Z-dises. Therefore, eontraetion is 
weak. 

In overly stretehed fibers, the thiek 
and thin filaments have little 
overlap. Only a small portion of the 
thin fìlament is aeeessible for the 
myosin heads to grab onto when 
stimulation occurs. Again, the 
eontraetion is weak. 

The strongest eontraetion occurs 
when the thin and thiek filaments 
are partially overlapped. In this 
simation, the Z-dises are far enough 
apart to allow for movement during 
eontraetion; also, the thin and thiek 
filaments overlap enough to allow 
the myosin heads to get a fìrm grip 
on the thin aetin fìlaments. 
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The nervous system eonstantly monitors skeletal muscles, stimulating muscle fibers just enough to aehieve their optimal 
resting length. This continuous state of partial eontraetion is ealled muscle tone. Muscle tone is what allows you to stand, 
hold up your head, and maintain your posrnre. Having your muscles in a partial state of eontraetion also allows you to 
reaet quickly to a dangerous situation, such as righting your balanee when you slip or jumping out of the way of an 
approaehing ear. 




















































































Contraction of an Entire Musde 

Now that we’ve discussed how individual muscle fibers eontraet, we need to apply that knowledge to the muscle 
as a whole. To begin, reeall that one motor neuron stimulates a group of muscle fìbers. The neuron and all the 
fibers it stimulates are ealled a motor unit. A single motor unit ean eonsist of a few fibers.. .or a few hundred. 
These fibers are seattered throughout the muscle rather than bunched together, allowing the eontraetion to be 
spread over a wide area. 

To eontraet, muscle fibers must reeeive an eleetrieal stimulus. The stimulus needs to be of a eertain strength, or 
voltage. If the stimulus is too weak, the muscle fìber won’t respond. 

The minimum voltage needed to cause a muscle fiber 
to eontraet is ealled the threshold. When a fiber reeeives 
a stimulus at or above threshold, it responds after a brief 
lag by quickly eontraeting and then relaxing. This single, 
brief eontraetion is ealled a twitch. 

Obviously, one twitch eant aid a muscle in 
performing a task. For a muscle to perform any kind of 
work, many fibers must eontraet at the same time. In 
addition, the muscle needs to stay eontraeted for longer 
than a split seeond. 

Also, muscles are often ealled upon to eontraet at 
different strengths. For example, lifting a peneil requires 
an entirely different amount of eontraetion than does, 
say, lifting a sofa. The foree of eontraetion is affeeted by 
a number of things, including the size of the muscle, the 
degree of streteh, and the number of muscle fibers 
eontraeting. 



Single twitch 



Q 


The Body AT WORK 

Typieally, smaller motor units are 
found in muscles thatperform 
preeise movements, such as the 
muscles ofthe eyeball or the 
fingers. In eontrast, largermotor 
units are foand in muscles that 
don'tperform preeise movements, 
such as the muscles ofthe baek. 


FAST FACT 


Muscles typieally beeome rigid (a eondi- 
tion ealled rigor mortis) when someone 
dies. Thats because, at the time of death, 
the production of ATP stops. Without 
ATP, the myosin heads remain loeked 
onto the aetin filaments. No sliding oe- 
curs, and muscles beeome rigid. Rigor 
mortis peaks about 12 hours after death 
and then fades over the next 48 hours. 


Life lesson: Sports and muscle fibers 

Not all muscle fibers are alike, and not all muscle fibers are suited for the same task. Some 
muscle fibers, ealled slow-twitch, or type I, fibers, respond slowly to stimuli. These fibers 
eontain abundant mitoehondria and a rieh blood supply, making them effieient at using 
oxygen to generate ATP for energy. Although these fibers respond slowly to stimuli, they ean 
fire for a long time before beeoming fatigued. Endurance athletes, such as marathon runners, 
tend to have a preponderanee of slow-twitch fibers. 

Other fibers, ealled fast-twitch, or type II, fibers, are better at generating short bursts of 
speed or strength. Although these fibers do not eontain as many mitoehondria and have a 
poorer supply of blood, they ean absorb and release calcium quickly. This allows them to fire 
rapidly, although they fatigue more quickly than slow-twitch fibers do. Athletes such as 
sprinters tend to have an abundance of fast-twitch fibers. 
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Controlling the Strength of a Contraction 

The nervoiis system responds to the various demands plaeed on muscles in two key ways: altering 
the frequency of the stimulus and altering the intensity of the stimulus. 

Stimulus Frequency 

The frequency of stimuli—even if the strength of the stimulus remains the same—ean alter 
eontraetion strength. 



When a muscle eontraets several times in a row, the last eontraetion 
will be stronger than the fìrst eontraetion. Here’s what happens: When 
stimuli eome quickly, the sareoplasmie reticulum doesn’t have time to 
eompletely reabsorb all of the calcium ions that were previously 
released. The inereased eoneentration of calcium leads to a more 
forceful eontraetion. This phenomenon, in which eaeh successive 
twitch eontraets more forcefully than the previous one, is ealled 
treppe, or the stairease phenomenon. 


Treppe 


When impulses reaeh muscle fibers even faster, the fibers don’t have 
a ehanee to relax eompletely before the next impulse arrives. As a 
result, the foree of a subsequent eontraetion builds on the foree of the 
previous eontraetion. This eondition of rapid eontraetion with only 
partial relaxation is ealled ineomplete tetanus. 



Time- 

ineomplete tetanus 




If the impulses arrive so fast that the muscle ean’t relax at all 
between stimuli, the twitches merge into one prolonged eontraetion 
ealled eomplete tetanus. (Don’t confuse the use of the term tetanns 
with the disease tetanus, which is discussed in the “Life Lesson” on 
page 136.) The state of eomplete tetanus rarely occurs in the body. 


Complete tetanus 




The Body AT WORK 

Most skeletal muscles normally remain In a state ofineomplete tetanus—mostly 
due to rapid-fire stimulation ofnerve fibers. Atsome point, though, the fibers 
beeome fatigued and have to relax. To allovv for this without the muscle falling 
limp, the motor units ofa muscle fire in an asynehronoas, overlapping pattern, so 
that one group offibers is eontraeting while another group is relaxing. 
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Stimiiltis Intensity 

In general, a stronger stimulus elieits a stronger eontraetion. Speeifieally, a stronger stimulus excites 
more nerve fibers in a motor nerve, which then stimulates more motor units. 




Spinal eord 


Neuron 1 
Neuron 2 

Neuron 3 


Strong Stimulus 

A strong stimulus may stimulate all the fibers in a motor nerve. In 
turn, the nerve fibers eall on all their aeeompanying muscle fibers to 
eontraet.The more fibers eontraeting at onee, the stronger the 
eontraetion. (The proeess by which an inereasing number of motor 
units are ealled into aetion is ealled recruitment.) 


WeakStimulus 

ln eontrast, a weak stimulus stimulates just a few nerve fibers. As 
shown here, a weak stimulus may stimulate just one nerve fiber and 
the muscle fibers eonneeted to it.The fewer fibers eontraeted at 
onee, the weaker the response. 


isotonie and isometrie Contraction 

While muscle eontraetion often shortens the muscle (ealled isotonie eontraetions), sometimes 
muscles eontraet by inereasing tension while the length stays the same. These are ealled isometrie 
eontraetions. 


isometrie Contractions 

In isometrie eontraetions, the tension within a muscle 
inereases while its length remains the same. For example, if 
you pull on a eable fastened to a stationary objeet, the 
muscle in your upper arm will tighten, but its length will 
remain the same. 



isotonie Contractions 

In isotonie eontraetions, the muscle ehanges length and 
moves a load, while the tension within the muscle remains 
the same. For example, when you lift a barbell, the muscle 
in your upper arm shortens; as you lower the weight, the 
muscle lengthens. 




That Makes Sense! 

The prefix iso- means "equal"; the suffix -tonie means 
"tensionTTherefore, isotonie means "equal tensionf'The 
suffix -metrie means "measurement"; therefore, isometrie 


means "same measarement. 


// 
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Energy Source for Contraction 

All muscle eontraetion requires energy in the form of ATP. However, muscles store only 
very small amounts of ATP. In faet, just a few seeonds of aetivity will eompletely deplete 
the ATP within a muscle fìber. Consequently, the eonstant synthesis of ATP is a neeessity. 
Depending upon aetivity level, muscles obtain their energy supply in several ways. 


FAST FACT 


Ultimately, the body obtains 
energy for the synthesis of ATP 
and CP from food, which is why 
athletes focus on diet as a key 
part of their training programs. 


At rest, muscles obtain most of their energy by metabolizing fatty 
aeids. Because oxygen is plentiful, it uses the proeess of aerobie 
respiration to break down fatty aeids for energy. (The term aerobie 
means"with oxygen") 



When beginning to exercise, the demand for oxygen suddenly 
inereases.The heart and lungs work harder to meet this demand, 
but, in the short term, the supply of oxygen drops. When this 
happens, muscles quickly restoek their waning supply of ATP by 
breaking down a compound ealled ereatine phosphate (CP), 
which is stored in muscle.This high-energy compound ean furnish 
the muscle with fuel for about 20 seeonds of high-energy aetivity or 
a minute of more moderate aetivity. 



If exercise continues, the supply of CP is exhausted before the 
supply of oxygen has reaehed an aeeeptable level. At this point, 
muscles switch to anaerobie (meaning "without oxygen") 
respiration of glucose. Muscles reeeive much of their glucose 
through the bloodstream; however, some is stored within muscle in 
the form of glyeogen. Anaerobie respiration ean generate energy 
quickly; therefore, it's useful for intense bursts of aetivity. However, 
it also produces a byproduct ealled laetie aeid, which, as it 
accumulates in muscle, leads to muscle fatigue. 



After about 10 minutes of more moderate aetivity, the heart and 
lungs have had a ehanee to inerease the supply of oxygen to the 
muscles.This allows muscles to shift baek to aerobie respiration. 


Aerobie respiration produces more ATP than anaerobie respiration. 
Also, its byproducts are earbon dioxide and water, which, unlike 
laetie aeid, aren't toxic to muscle. 


Aetivity 



Energy Source 


Aerobie 

respiration 

of 

fatty aeids 



Creatine 

phosphate 



Anaerobie 
respiration 
of glucose 



Aerobie 
respiration 
of glucose 


FAST FACT 


When you “go for the burn” in 
strenuous exercise, that burn is a 
symptom of laetie aeid 
accumulation from anaerobie 
respiration. 




The Body AT WORK 

Follovving strenuous exercise, some ofthe laetie aeidproduced 
during anaerobie respiration travels to the ìiver, vvhere it is 
eonverted baek into glucose. Hovvever, the eonversion proeess 
consumes a iotof oxygen, vvhieh is whyyou continue to breathe 
heavilyfor several minutes following a hard workout. The 
extra oxygen that's needed to proeess laetie aeid is ealled an 
oxygen debt. 
















































Muscle Fiinetion 


The role of a muscle is to move a body part. Eaeh end of most skeletal muscles adheres to a different 


bone. The eontraetion of the muscle causes one bone to move while the other remains relatively still. 


Trieeps 


braehii 



The origin refers to the end of the muscle that attaehes to the more stationary bone. 


For example, the origin of the bieeps braehii is the seapiila, which is relatively 


immobile. 


The belly is the thiek midseetion of the muscle. 


The insertion is the end of the muscle that attaehes to the more movable bone. The 


insertion ofthe bieeps braehii isthe radius. When the muscle eontraets, it pullsthe 


radius toward the scapula. 


Skeletal muscles typieally work in groups to ereate movement. The main muscle triggering the movement is ealled the 


prime mover; the muscles that assist are ealled synergists. Muscles balaneing these movements are ealled antagonists. 


Antagonists oppose the aetion of the prime mover. When the prime mover eontraets, the antagonist must relax and give the 


prime mover eontrol. Typieally, the antagonist works to moderate the speed or range of movement, helping to prevent joint 


injury. The prime mover for one movement is the antagonist for the opposite movement. 


The bieeps braehii and braehialis muscles 


When extending the arm, the trieeps 


work together to flex the elbow, with the 


braehii is the prime mover and the 


braehialis being the prime mover and the 


braehialis is the antagonist. 


bieeps braehii being the synergist.The trieeps 


braehii is the antagonist. 


Prime mover 


Prime 


eontraets 


mover 


eontraets 


Antagonist 

relaxes 



Antagonist 

relaxes 



The Body AT WORK 


Exercise, or a laek ofexercise, 


causes physiologieal ehanges in 


skeletal muscles. Strength 


training, such as lifting vveights, 


causes a muscle to enlarge. This 


is ealled hypertrophy. 


Speeifieally, intense exercise, such 


as from resistanee training, 


slightly injures muscle fibers. As 


the body repairs the damage, the 


fibers enlarge, and eonsegaently 


so does the muscle. In eontrast, a 


laek ofuse causes the muscle 


fibers, and therefore the entire 


muscle, to shrink, oratrophy. 


Endurance (aerobie) exercise 


stimulates the grovvth ofblood 


vessels in the muscle. This aiiovvs 


for an inereased supply ofoxygen 


and glucose—tvvo neeessary 


ingredients forATPproduction. 
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Superficial Muscles 



The following two figures display some of the major muscles of the body. Keep in mind, though, that the body eontains 
over 600 muscles, all of which ean’t be shown here. These figures show the major superfìcial muscles, the ones you are most 
likely to be able to palpate. Underneath these muscles are many more muscles. 


m- 
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Temporalis 
Orbicularis oculi 
Zygomaticus 

Orbicularis oris 


Frontalis 


Masseter 

Sternoeleidomastoid 




Deltoid 


O 

00 

O 

a. 


Braehialis 

Bieeps braehii 
Rectus abdominis 


Braehioradialis 



External oblique 
Internal oblique 
Transversus abdominis 


lliopsoas 


Adductor longus 


* 


Adductor magnus 








Quadriceps 

femoris 



Peetoralis major 


Serratus anterior 


Linea alba 


Sartorius 


Rectus femoris 
Vastus lateralis 
Vastus medialis 


Tibialis anterior 
Fibularis longus 






Anterior 
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Trapezius 


Deltoid 


Teres minor 


Teres major 


Trieeps braehii 


oblique 


Gluteus medius 


Gluteus maximus 


Adductor magnus 



3 











Latissimus dorsi 


External abdominal 









Graeilis 


Bieeps femoris 


Semitendinosus 


Semimembranosus 


Hamstring 


group 


Gastrocnemius 


Soleus 



Aehilles tendon 


(ealeaneal tendon) 






Posterior 













































How Musc es Are Named 










I 




Muscles are named aeeording to their size, shape, loeation, number of origins, the direetion of muscle fibers, or their aetion. 
Learning key terms, such as the ones listed in the ehart below, ean help you figure out the loeation and function of many 
muscles. When studying these terms, keep in mind that Latin roots form the basis of many of these words. 



eharaeteristie 

Term 

Meaning 

Example 

Size 

Maximus 

Largest 

Gluteus maximus 


Minimus 

Smallest 

Gluteus minimus 


Major 

Large 

Peetoralis major 


Minor 

Small 

Peetoralis minor 


Longus 

Longest 

Peroneus longus 


Brevis 

Shortest 

Peroneus brevis 

Shape 

Deltoid 

Triangular 

Deltoid 


Rhomboid 

Diamond-shaped 

Rhomboideus major 


Serratus 

Sawtoothed (like a serrated knife) 

Serratus anterior 


Trapezius 

Trapezoidal 

Trapezius 

Loeation 

Peetoralis 

Chest 

Peetoralis major 


Braehio- 

Upper arm 

Braehioradialis 


Radialis 

Radius 

Braehioradialis 


Gluteus 

Buttock 

Gluteus maximus 


Femoris 

Femur 

Quadriceps femoris 


Sterno- 

Sternum 

Sternoeleidomastoid 


Cleido- 

Clavicle 

Sternoeleidomastoid 


Mastoid 

Mastoid proeess 

Sternoeleidomastoid 


Digiti 

Finger ortoe 

Extensor digiti minimi 


Pollieis 

Thumb 

Opponens pollieis 

Number of origins 

Bieeps 

Two origins 

Bieeps femoris 


Trieeps 

Three origins 

Trieeps braehii 


Quadriceps 

Four origins 

Quadriceps femoris 

Direetion 

Rectus 

Straight 

Rectus abdominis 


Transverse 

Aeross 

Transversus abdominis 


Oblique 

Diagonal 

External oblique 

Aetion 

Adductor 

Adducts 

Adductor magnus 


Abductor 

Abducts 

Abductor pollieis 


Flexor 

Flexes 

Flexor earpi radialis 


Extensor 

Extends 

Extensor digitomm 


Levator 

Elevates 

Levator scapula 

















Musdes of the Head and Neek 

Muscles in this region are typieally grouped aeeording to their fhnetion: muscles of faeial expression, 
muscles of chewing (ealled mastieation) and swallowing, and muscles that move the head. Of all the 
muscles of the faee, the area around the mouth is the most complex. This makes sense eonsidering 
that the mouth is the most expressive part of the faee; the movement of the lips is also pivotal in the 
formation of words. 


Miiseles ofFaeial Expression 


Mtiseles of ehetving 



Frontalis: Raises the eyebrows 
when glaneing upward or when 
showing surprise 


Orbicularis oculi: A sphineter 
muscle that eloses the eye when 
blinking or squinting 


Zygomaticus: Draws the mouth 
upward when laughing 


Orbicularis oris: Closes the 
mouth and purses the lips, such 
as when kissing 


Buccinator (shown on the other 
side of the faee): Assists in 
smiling and blowing (such as 
when playing a tmmpet or 
whistling) as well as chewing 


Temporalis: Aids in 
elosing the jaw 


Buccinator 


Masseter: Closes the jaw 


Mtiseles That Move 
the Head 


Sternoeleidomastoid: Flexes the 
head (so is sometimes ealled the 


praying muscle); rotates the head 
to the opposite side when only 
one muscle eontraets 


Trapezius: Extends the head 
(such as when looking upward) 
and flexes the head to one side; 
also elevates the shoulder 


AST FACT 


The faee eontains over 
30 muscles, which allow us 
to express a variety of emotions. 


FAST FACT 


The human faee is eonsiderably 
more expressive than the faees of 
other mammals: all due to the 
wide variety of faeial muscles. 




The Body AT WORK 

Besides contributing to faeial expression, the muscles ofthe faee allovv us 
to speak, ehevv, andperform other oral functions. Almost every muscle of 
the faee is innervated by the faeial nerve (eranial nerve VII). 

Consequently ; an injury or disorder ofthe faeial nerve ean cause 
paralysis on one side ofthe faee. For example, a viral infeetion ofthe 
faeial nerve, ealled Bell's palsy, results in paralysis ofthe muscles on the 
affeeted side. The muscles on thatside ofthe faee droop, and those 
afflieted have trouble eating, drinking, blinking, or forming any faeial 
expression (such as smiling, grimaeing, or raising eyebrovvs). 
























































Musdes of the Trunk 

Some of the muscles of the truck partieipate in respiration and form the abdominal wall. 
Additional muscles support and allow movement in the vertebral column, while several other 
muscles lie on top of eaeh other to form the pelvie floor. 

Mnseles Involved in Breathing 

Muscles are the driving foree behind our ability to breathe. (For more information on the muscles 
of respiration, see Chapter 17, Respiratory System.) 



Internal intereostals: Lie deeper than 
the external intereostals; depress the ribs 
during foreed exhalation 


External intereostals: Lie superficially 
between ribs; elevate the ribs during 
inspiration 


Diaphragm: Enlarges the thorax to trigger 
inspiration 


Mnseles Forming the Ahdominal Wall 

While the trunk reeeives support from the skeleton, the abdominal wall derives its strength from 
alternating layers of muscle. The muscle fìbers in eaeh of the three layers forming the abdominal wall 
run in different direetions: downward and anterior (as in the external oblique muscle: the most 
superficial layer), upward and anterior (as in the internal oblique muscle: the next layer), and 
horizontal (as in the transverse abdominal muscle: the deepest layer). 



External oblique: Compresses the 
abdominal organs, which aids in 
forceful expiration, vomiting, and 
defeeation; also allows flexion of 
the vertebral column and rotation 
and lateral bending ofthetrunk 


The aponeuroses of the muscles 
forming the abdominal wall meet 
in the midline of the abdomen, 
where they form a tough band of 
eonneetive tissue ealled the linea 
alba (white line). 



Rectus abdominis: Flexes the 
lumbar region of the spinal 
^ column to cause bending forward 
at the waist; extends from the 
sternum to the pubic bone 


Transversus abdominis: 

Compresses the eontents of the 
abdomen 


Internal oblique: Stabilizes the 
spine and maintains posture, just 
like the external oblique muscles; 
also permits rotation of the waist 
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Musdes of the Shoiilder and Upper Arm 

The shoulder and upper arm perform a wide variety of movements. Some movements—such as 
throwing a ball or swimming—require power and a full range of motion. Others, such as writing, 
depend upon more subtle movements. To make these motions possible, the shoulder draws on a 
complex variety of muscles. A few of those muscles are illustrated in the figure below. 


Deltoid: Abducts, flexes, and rotates the arm; involved in svvinging 
the arm (vvalking or bovvling); also raises the arm to perform tasks, 
such as vvriting on an elevated surface 


Peetoralis major: Flexes and adducts the upper arm, such as vvhen 
elimbing or hugging 


Serratiis anterior: Drives all forvvard-reaehing and pushing 
movements; pulls the shoulder dovvn and forvvard 


Trapezius: Raises and 
lovvers the shoulders; 
stabilizes the scapula during 
arm movements 


Latissimus dorsi: Adducts 
the humerus; extends the 
upper arm baekvvard (such 
as vvhen rovving or 
svvimming); vvhen grasping 
an objeet overhead, such as 
vvhen elimbing, serves to 
pull the body upward 



Anterior 


Rotator cuff: The tendons of four 
muscles (attaehed to the scapula) 
form the rotator cuff.They are the: 

• supraspinatus 

• infraspinatus 

• teres minor and 

• subscapularis (on the anterior 
scapula) 

Nieknamed the"SITS"muscles 
(derived from the first letter of names 
for eaeh of the muscles), the tendons 
ofthese musclesfuse with thejoint 
capsule and form a"cuff"around the 
shoulder joint, helping to hold the 
head of the humerus in plaee. 


Posterior 


Life lesson: Rotator cuffinjury 

The shoulder is the body's most mobile joint. Along with this great mobility, however, eomes a tendeney 
toward injury. In particular, a fall or hard blow to the shoulder, or repetitive use of the arm in an overhead 
motion (such as by baseball pitehers, tennis players, weight lifters, and swimmers), ean injure the nrmseles 
forming the rotator cuff. Ovemse ean also cause one or more of the tendons to beeome inflamed, resulting in 
pain. If the inflammation happens repeatedly, the tendon ean degenerate and eventually rupture. 
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PARTII eovering, Siipport, and Movement of the Body 



Musdes That Move the Forearm 

The muscles that flex and extend the forearm are loeated on the humerus 



Braehialis: The prime mover when flexing 
the forearm 


Bieeps braehii: Assists the braehialis when 
flexing the forearm; also flexes the elbow 
and supinates the forearm (such as when 
opening a bottle with a corkscrew) 


Trieeps braehii: The prime mover when 
extending the forearm 


Braehioradialis: Helps the braehialis and 
the bieeps braehii flex the forearm 


Pronator muscles allow the arm to 

pronate (palms down). A supinator 
muscle —not visible here—lies deep in the 
forearm nearthe elbow; it joins forees with 
the bieeps braehii to allow supination 
(palms up). 






Musdes of the Wrist and Hand 

Some of the miiseles that move the wrist, hand, 
and fìngers are in the hand itself; others are 
loeated in the forearm. 

Muscles that flex the wrist—ealled flexors— 
are loeated on the anterior of the forearm. 
(Examine the above illustration to loeate the 
flexors.) Similar muscles, ealled extensors, are 
found on the posterior of the forearm; these aet 
to extend the wrist. (This makes sense: Flexing 
your wrist pulls your hand baek toward the 
anterior surface of the forearm, which is where 
the flexors are loeated. Extendingy our wrist bends 
your hand toward the posterior surface of your 
forearm: the loeation of the extensors .) The 
muscles in the hands also work with the flexors 
and extensors to help the fìngers make delieate, 
preeise movements. 



FAST FACT 


A bulging bieeps braehii symbolizes upper 
arm strength. Even so, the braehialis, which 
lies underneath the bieeps braehii, is the 
prime mover for flexing the elbow. 



Life lesson: 

Carpal tannel syndrome 

On the palm side of the wrist, near the thumb, is a narrow 
passageway surrounded by bones and ligaments ealled the earpal 
tunnel. Tendons that allow finger flexion as well as a key nerve of the 
hand (the median nerve) pass through this ehannel. Difficulties arise 
when repetitive flexion and extension of the wrist triggers 
inflammation and swelling in the sheath surrounding the tendons. 
Because the earpal tunnel ean't expand, the swelling presses on the 
median nerve, which produces tingling, weakness, and pain in the 
thumb, index finger, middle finger, and middle side of the ring 
finger. Called earpal tunnel syndrome, the disorder eommonly affliets 
those who spend long hours at computer keyboards, although any 
repetitive wrist motion may trigger the eondition. 
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Musdes Aeting on the Hip and Thigh 

Unlike the arms, which are geared for free movement and preeise maneuvers, the legs are built for 
stability and power. The muscles of the hip and thigh enable the body to stand, walk, and maintain 
balanee. Consequently, this area eontains some of the bodys largest, and most powerful, muscles. 


lliae erest 


The iliopsoas flexes the thigh (aeting in 
opposition tothe gluteus maximus).The 
term iliopsoas refers to a eombination 
of the following muscles: 

• lliacus 

• Psoas major 


The sartorius is the longest muscle in 



the body. It aids in flexion of the hip and 
knee (such as when sitting) and abducts 
and laterally rotates the thigh (such as 
when sitting eross-legged). 


The adductor muscles rotate and draw 
the thigh in toward the body (adduction). 
This group eonsists of the following 
muscles: 

• Adductor magnus 

• Adductor brevis 

• Adductor longus 

• Graeilis 


The quadriceps femoris —the most 
powerful muscle in the body—is the 
prime moverfor knee extension. It 
eonsists of four muscles, although only 
three are visible here.The fourth, the 
vastus intermedius, lies underneath the 
rectus femoris. 

• Rectus femoris 

• Vastus lateralis 

• Vastus medialis 


Anterior 


FAST FACT 


The sartorius muscle has the niekname 
“tailor’s muscle,” supposedly because tailors 
sat eross-legged while sewing, supporting 
their work on their knee. 
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Adductor magniis 



The hamstrings are a group of 
muscles eonsisting of the follovving 


three muscles, all of vvhieh vvorkto 
extend the thigh at the hip, flex the 
knee, and rotate the leg. You ean 
easily feel the tendons of these 
muscles as the prominent eords on 
either side of the baek of the knee. 


Bieeps femoris 

Semitendinosiis 


Semimembranosus 





Posterior 





FAST FACT 




Severing the hamstrings makes someone 
immediately immobile, which is why aneient 
knights would use their swords to sliee the 
baek of an opponents thighs. 


The gluteal muscles eonsist of the 
follovving three muscles: 

Gluteus medius: Abducts and rotates 
the thigh outward 

Gluteus maximus:The bulkiest muscle 
in the body; it produces the backswing of 
the leg when walking and provides most 
of the power for elimbing stairs 

Gluteus minimus:This muscle lies 
beneath the other two gluteal muscles 





FAST FACT 



e gluteus medius is a eommon site for 
intramuscular injeetions, particularly if the 
amount of medieation to be administered is 
more than 2 to 3 ml. If 2 ml or less is to be 
injeeted, the deltoid muscle is often used. 


Gluteus minimus 
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Musdes Aeting on the Foot 

Muscles in the lower leg are primarily responsible for moving the foot and ankle. 



The biilging ealf muscle is the result of 
two muscles: the gastrocnemius (the 
more superficial muscle) and the soleus 
(the deeper muscle). 

Gastrocnemius 

Soleus 

Contraction of these muscles causes 
plantar flexion of the foot (such as when 
walking or standing on tip-toe). 


The eommon tendon of the 
gastrocnemius and soleus is the 

ealeaneal (Aehilles) tendon. It inserts 
on the calcaneus (heel bone). 


FAST FACT 


The ealeaneal, or Aehilles, tendon is 
the strongest tendon in the body. Even 
so, it s a frequent site of athletie 
injuries. Its particularly vulnerable to 
sudden stress, such as sprinting. 


Muscles on the anterior of the lower leg also partieipate in moving the foot and ankle. 


The extensor digitomm longus and the 
tibialis anterior dorsiflex the foot, 
keeping the toes from dragging the 
ground when walking.The extensor 
digitorum longus also extends the toes 
and turns the foot outward (eversion). 


Tibialis anterior 


Extensor digitomm longus 


The muscles of the lower leg pull on 

tendons that attaeh to the bones of the 

foot The foot also eontains numerous 


smaller muscles that aet to flex and 

extend the toes. 




Soleus 
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Major Muscles of the Body 











I 




Musde 

Origin 

Insertion 

Function 

Muscles of the head and neek 



Muscles of faeial expression 

Frontalis 

Oeeipital bone 

Tissues of eyebrovvs 

Raises eyebrovvs; expressions of surprise 

Orbicularis oculi 

Eneireles eyelid 


Goses eye 

Zygomaticus 

Zygomatie bone 

Angle of mouth 

Laughing 

Orbicularis oris 

Eneireles mouth 


Dravvs lips together 

Buccinator 

Maxillae 

Skin of eheeks and lips 

Smiling; blovving (playing a trumpet) 

Muscles of chewing 

Temporalis 

Temporal bone 

Mandible 

Goses jaw 

Masseter 

Zygomatie areh 

Mandible 

Goses jaw 

Muscles that move the head 

Sternoeleidomastoid 

Sternum; elaviele 

Mastoid proeess of temporal bone 

Flexes head;"prayer muscle" 

Trapezius 

Oeeipital bone; vertebrae 

Gaviele; scapula 

Extends head (looking up); flexes head to 
one side; elevates shoulder 

Muscles of the trunk 




Muscles involved in breathing 



External intereostals 

Rib 

Rib 

Elevate ribs 

Internal intereostals 

Rib 

Rib 

Depress ribs 

Diaphragm 

Lovver edge of ribeage; xiphoid 
proeess; lumbar vertebrae 

Central tendon of diaphragm 

Enlarges thorax to trigger inspiration 

Muscles forming the abdominal wall 



Rectus abdominis 

Pubic bone 

Xiphoid proeess of sternum 

Flexes lumbar region to allow bending 
forward 

Transverse abdominal 

Ribs; pelvis 

Pubic bone; linea alba 

Compresses eontents of abdomen 

Internal oblique 

Pelvis 

Ribs 

Stabilizes spine to maintain posture; 
permits rotation at waist 

External oblique 

Ribs 

Pelvis 

Stabilizes spine 

Muscles of the shoulder and upper arm 



Deltoid 

Gaviele; scapula 

Humerus 

Abducts, flexes, and rotates arm 

Peetoralis major 

Gaviele; sternum 

Humerus 

Flexes and adducts upper arm 

Serratus anterior 

Ribs 

Scapula 

Pulls shoulder down and forward 

Trapezius 

Oeeipital bone; vertebrae 

Gaviele; scapula 

Raises or lowers shoulders 

Latissimus dorsi 

Vertebrae 

Humerus 

Adducts and extends the arm backward 

Rotator cuff: 

Scapula 

Humerus 

Rotates and adducts arm 

• Supraspinatus 

• lnfraspinatus 

• Teres minor 

• Subscapularis 
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Musde 


Origin 


Muscles that move the forearm 


Braehialis 
Bieeps braehii 
Trieeps braehii 
Braehioradialis 
Pronator muscles 
Supinator 


Humerus 

Scapula 

Scapula; humerus 
Humerus 
Humerus; ulna 
Humerus; ulna 


Muscles aeting on the hip and thigh 


iacus 


Psoas major 
Sartorius 


ium 


ium 


lae spine 


Adductor muscles: 

• Adductor magnus 

• Adductor brevis 

• Adductor longus 

• Graeilis 

Quadriceps femoris: 

• Rectus femoris 

• Vastus lateralis 

• Vastus medialis 

• Vastus intermedius 


Pubic bone 


ium; femur 


• Semitendinosus 

• Semimembranosus 

Muscles aeting on the foot 

Gastrocnemius 


Femur 


Insertion 


Ulna 

Radius 

Ulna 

Radius 

Radius 

Radius 


Femur 

Femur 

Tibia 


Femur 


Tibia 


Calcaneus 


Function 


Flexes the forearm 
Flexes the forearm 
Extends the forearm 
Helps flex the forearm 
Pronates the forearm 
Supinates the forearm 


Flexes the thigh 
Flexes the thigh 

Adducts and flexes the leg; permits sitting 
"eross-legged" 

Adduct the thigh 


Flexes the thigh; extends the leg 


Gluteus medius 

llium 

Femur 

Abducts and rotates the thigh outward 

Gluteus maximus 

llium 

Femur 

Extends and rotates the thigh outward 

Gluteus minimus 

llium 

Femur 

Abducts and rotates the thigh 

Hamstring group: 

lschium; femur 

Fibula; tibia 

Extends the thigh 

• Bieeps femoris 





Plantar flexion of the foot 


Soleus 

Tibia; fibula 

Calcaneus 

Plantar flexion of the foot 

Tibialis anterior 

Tibia 

Tarsal bone 

Dorsiflexion of the foot 

Extensor digitomm longus 

Tibia; fibula 

Phalanges 

Dorsiflexion of the foot 


Life lesson: Exercise and muscle eonditioning 

Endurance (aerobie) exercise, such as jogging, eyeling, or svvimming, trains muscles to resist fatigue.This 
primarily occurs because exercise stimulates slow-twitch fibers to produce more mitoehondria and 
glyeogen; the blood supply to these fibers also improves. Exercise affeets more than nrmsele fibers: it 
strengthens bones, improves the oxygen-carrying eapaeity of the blood by inereasing the number of red 
blood eells, and enhanees the function of the cardiovascular, respiratory, and nervous systems. 

Endurance exercise does not signifieantly inerease muscle strength, however. inereased muscle 
strength requires resistanee exercise, such as weight lifting, that involves the eontraetion of nmseles 
against a load that resists movement.This aetion stimulates nrnsele fibers to synthesize more 
myofilaments and the myofibrils grow thieker and inerease in number. As a result, muscles beeome both 
larger and stronger. A few minutes a day, several times a week, is enough to stinmlate muscle growth. 

Because endurance and resistanee exercise produces different results, an optimal exercise program 
should include both types of training. 
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Terms 


Aeetyleholine: Chemical messenger 
released from the end of a motor 


Endomysium: Delieate eonneetive 
tissue eovering eaeh muscle fiber 


Myosin: Protein of which the thiek 
myofilaments are eomposed 


neuron 


Aetin: Protein of which the thin 
myofilaments are eomposed 


Epimysium: Connective tissue eovering Neuromuscular junction: Connection 

that surrounds muscles as a whole and between a motor neuron and a musc 


binds all muscle fìbers together 


fiber 


Aerobie respiration: Proeess that breaks Faseia: Connective tissue surrounding Origin: The end of a muscle that 


energy 


oxygen is present 


Anaerobie respiration: Proeess that 
breaks down glucose for energy when 
oxygen is not plentifìil 

Antagonist: Muscles that oppose the 
aetion of a prime mover 

Aponeurosis: Flat, broad tendon that 
attaehes a muscle to another muscle 
or to bone 

ATP: Adenosine triphosphate; used for 
energy in eells to perform various 
fhnetions, including muscle 
eontraetion 

Atrophy: Deerease in the size of a muscle 

Belly: The thiek midseetion of the 
muscle 

Completetetanus: Condition in which 
impulses arrive so fast the muscle 
eannot relax between stimuli and 
twitches merge into one prolonged 
eontraetion 

Creatine phosphate: Compound stored 
in muscle that is used for short bursts 
of high-energy aetivity 


the muscle 

Faseides: Bundles of muscle fibers 

Hypertrophy: Enlargement of a muscle 

ineomplete tetanus: Condition of rapid 
muscle eontraetion with only partial 
relaxation 


Insertion: The end of a muscle that 
attaehes to the more mobile bone 


isometrie eontraetion: Contraction in 
which the tension within a muscle 
inereases while its length remains the 
same 


isotonie eontraetion: Contraction in 
which the muscle ehanges length to 
move a load 


Motor unit: A neuron and all the 
muscle fìbers it stimulates 


Muscle fiber: A skeletal muscle eell 

Muscle tone: Continuous state of 
partial muscle eontraetion that allows 
for the maintenanee of posture 

Myofibrils: Long protein bundles that 
fill the sareoplasm of a muscle fìber 

Myofilaments: Fine protein fibers that 
make up a myofìbril 


attaehes to the more stationary bone 

Perimysium: Sheath of eonneetive 
tissue eneasing faseieles 

Prime mover: The main muscle 
triggering a movement 

Sareomere: The unit of eontraetion of 
the myofibrils of a muscle 

Sareoplasm: The eytoplasm of a 
muscle fiber 

Synaptie deft: Narrow spaee between 
the end of a motor nerve and the 
muscle fìber 

Synergists: Muscles that assist in the 
movement of a bone 

Tendon: Strong, fibrous eord through 
which a muscle attaehes to a bone 

Transverse (T) tubules: Tubules that 
extend aeross the sareoplasm and 
allow eleetrieal impulses to travel deep 
into the eell 

Treppe: Phenomenon in which eaeh 
successive twitch eontraets more 
foreefìilly than the previous one 

Twitch: Single, brief eontraetion 


Own the Information 



To make the information in this ehapter part of your 
working memory, take some time to refleet on what you’ve 
learned. On a separate sheet of paper, write down 
everything you reeall from the ehapter. After youre done, 
log on to the Davis Plus website, and eheek out the Study 
Group podeast and Study Group Questions for the ehapter. 


Key Topies for Chapter 9: 

• Types of muscle 

• Skeletal muscle structure 

• Fiow skeletal muscles eontraet and relax 

• Controlling the strength of a eontraetion 

• Types of muscle eontraetions 

• Energy sources for eontraetions 

• Fiow muscles fìmetion 

• Names and aetions of the bodys major muscles 






155 



Ansivers: Chapter 9 

1 . Correct answer: b. Myofibrils, which eonsist of 
myofìlaments, fìll the sareoplasm of the muscle 
fìber. Muscle fibers are grouped in bundles ealled 
faseieles. 

2. Correct answer: e. None of the other answers are 
eorreet: the aetin does not pull on the myosin; 
neither the myosin nor the aetin myofìlaments 
shorten; the sareomere shortens, but its shortening 
does not pull the aetin and myosin myofìlaments 
toward the eenter of the sareomere; the Z-dises are 
pulled eloser together, but the cause of this is the 
pulling of the aetin myofìlament by the myosin 
myofìlament. 

3. Correct answer: a. ineomplete tetanus occurs when 
subsequent eontraetions build on the foree of a 
previous eontraetion. Complete tetanus is the state 
of sustained eontraetion. Twitch is a single, brief 
eontraetion. 

4. Correct answer: d. All muscle eontraetion requires 
ATP; however, the supply of ATP is quickly 
depleted. At the beginning of exercise, muscles 
quickly restoek ATP by breaking down ereatine 
phosphate. If ereatine phosphate is depleted before 
the supply of oxygen has reaehed an aeeeptable 
level, muscles begin to metabolize glucose. Laetie 
aeid is a byproduct of anaerobie respiration. 

5. Correct answer: d. The belly is the thiek mid- 
seetion of a muscle. The prime mover is the main 
muscle triggering a movement. The origin refers to 
the end of the muscle that attaehes to the more 
stationary bone. 

6. Correct answer: d. A muscle’s aetion, direetion, and 
loeation may be refleeted in the name of a muscle; 
however, the prefìx bi- refers only to the faet that 
the muscle has two origins. 

7. Correct answer: b. A tendon is a strong fibrous 
eord that results when the epimysium extends past 
the muscle. Endomysium is a delieate eonneetive 
tissue eovering eaeh muscle fiber. Perimysium 
eneases the faseieles. Sareolemma is the plasma 
membrane surrounding eaeh muscle fìber. 

8. Correct answer: a. Aeetyleholine is a 
neurotransmitter that stimulates the reeeptors in 
the sareolemma. Contraction requires energy in 
the form of ATP, but it is not released from the 
sareoplasmie reticulum. Aeetyleholinesterase is an 
enzyme that breaks down aeetyleholine. 

9. Correct answer: e. The trapezius muscle extends 
the head, such as when looking upward, and 
elevates the shoulder; the temporalis aids in 
elosing the jaw; the buccinator assists in smiling 
and blowing (such as blowing air into a tmmpet). 

10. Correct answer: b. The gluteus maximus produces 
the backswing of the leg when walking. The iliacus 
aets in opposition to the gluteus maximus to flex 
the thigh. The sartorius aids in flexion of the hip 
and knee (such as when sitting eross-legged). 


1. A single muscle eell is ealled a: 

a. myofilament. 

b. muscle fìber. 
e. myofìbril. 

d. faseiele. 

2 . Which statement eorreetly 
deseribes what occurs when a 
skeletal muscle eontraets? 

a. Myosin and aetin myofìlaments 
form eross bridges, and the 
aetin pulls the myosin 
myofilament toward the eenter 
of the sareomere. 

b. The myosin and aetin 
myofilaments shorten, pulling 
the Z-dises eloser. 

e. After forming eross bridges 
with the aetin myofilament, 
the myosin myofilament 
propels the aetin myofilament 
toward the eenter of the 
sareomere. 

d. The sareomere shortens, 
pulling the aetin and myosin 
myofilaments toward the 
eenter, which pulls the Z-dises 
eloser together. 

3 . A continuous state of partial 
muscle eontraetion in which 
muscles are at their optimal 
resting length is ealled: 

a. muscle tone. 

b. ineomplete tetanus. 

e. eomplete tetanus. 

d. twitch. 

4 . At rest, muscles obtain most of 
their energy by metabolizing: 

a. glucose. 

b. laetie aeid. 

e. ereatine P h osphate. 
d. fatty aeids. 


5 . The end of a muscle that’s 
attaehed to the more mobile 
bone is ealled the: 

a. belly. 

b. prime mover. 
e. origin. 

d. insertion. 

6 . The prefix bi- in a muscle name, 
such as in bieeps braehii, refers to 
the faet that the muscle: 

a. exists in two loeations (such as 
both arms). 

b. has two different aetions. 

e. has two direetions. 

d. has two origins. 

7 . A tendon is an extension of what 
muscle eomponent? 

a. Endomysium 

b. Epimysium 

e. Perimysium 

d. Sareolemma 

8 . During the proeess of muscle 
eontraetion, the sareoplasmie 
reticulum is stimulated to release 
which substance? 

a. Calcium 

b. Aeetyleholine 

e. ATP 

d. Aeetyleholinesterase 

9 . Which muscle is often ealled the 
“praying muscle” because of its 
role in flexing the head? 

a. Trapezius 

b. Temporalis 

e. Sternoeleidomastoid 

d. Buccinator 

10. The prime mover for knee 
extension is the: 

a. gluteus maximus. 

b. quadriceps femoris. 

e. iliacus. 
d. sartorius. 



Go to http://davisplus.fadavis.com Keyvvord: 
Thompson to see all of the resources available 
with this ehapter. 
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GHAPTER OLITLINE 

Overview of the Nervous System 
Divisions of the Nervous System 
Nervous System Cells 
Repair of Nerve Fibers 
lmpulse Conduction 
Synapses 

Structure of the Spinal Cord 
Spinal Nerves 
Somatie Reflexes 
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LEARNING OUTCOMES 

Overvíew of the Nervous System 

1. Deseribe the two divisions of the nervous 
system. 

2. Name the two types of eells that make up the 
nervous system and deseribe the function of 
eaeh. 

3. List the basie parts of a neuron. 

4. Reeall the structure and function of the myelin 
sheath. 

5. Explain the proeess of impulse conduction in 
both myelinated and unmyelinated nervefibers. 

6. Discuss how a nerve impulse is transmitted 
from one neuron to another. 

7. Deseribe the anatomy of the spinal eord. 

8. Define the structure and general function of 
spinal nerves. 

9. Identify the eategories ofspinal nerves. 

10. Reeall thefourcomponents ofa reflexarc. 

The Brain and Cranial Nerves 

11. Deseribe the major subdivisions of the brain 
and the functions of eaeh. 

12. Identify the loeation of gray and white matter 
in the brain. 

13. Name the layers of the meninges and relate its 
function. 

14. Summarize the production and circulation of 
eerebrospinal fluid. 

15. Summarize thefunction ofthe reticular 
aetivating system. 

16. List the 12 eranial nerve, using name and 
number and identify the functions of eaeh. 

Aiitonomie Nervous System 

17. Deseribe how viseeral reflexes differ from 
somatie reflexes. 

18. Compare the structure and function of the 
autonomic and somatie nervous system. 

19. Identify the differenees in structure and 
function between the sympathetie and 
parasympathetie divisions of the autonomic 
nervous system. 


There are more nerve eells in the human hody than there are 
stars in the Milky Way. 

To remain in balanee (homeostasis), the variotis organ systems of the body must work together. Even an aet as simple as 
eating lunch requires input from multiple body systems, including the endoerine system (which senses a drop in blood 
glucose levels and triggers the sensation of hunger), the muscular system (which allows you to chew your food), and the 
digestive system (which proeesses the food and eliminates the waste). The nervous system eoordinates these systems so eaeh 
knows exactly what to do and when to do it. 

The nervous system —eonsisting of the brain, spinal eord, and nerves—eonstantly reeeives signals about ehanges within 
the body as well the external environment. It then proeesses the information, deeides what aetion needs to occur, and sends 
eleetrieal and ehemieal signals to the eells, telling them how to respond. The nervous system also powers our ability to learn, 
feel, ereate, and experience emotion. Of all the body’s systems, the nervous system is the most complex. 

Overvievv of the Nervous System 


The body has two organ systems dedieated to eoordinating the aetivities of the trillions of eells making up the human form. 
One of those systems—the endoerine system —employs ehemieal messengers ealled hormones to eormrmnieate with eells. 
In eontrast, the nervous system uses eleetrieal signals to transmit messages at lightning speed. 

The nervous system has three essential roles: 




Sensing 




I The nervous system uses 
sense organs and nerve 
endings to deteet ehanges both 
inside and outside the body. 



2 The nervous system 

proeesses the information 
reeeived, relates it to past 
experiences, and determines 
what response is appropriate. 


( - 

Responding 

V_ 



3 The nervous system issues 
eommands to muscles and 
glands to initiate ehanges based 
on its information. 


FAST FACT 


During fetal development, 
neurons grow at a rate of about 
250,000 neurons per minute. 




















































PARTIII Regiilation and Integration of the Body 



The nervous system eontains two main divisions: the eentral nervous system (CNS) and the peripheral nervous system 

(PNS). 


The eentral nervous 



system eonsists of the 



brain and spinal eord. 


j 


Spinal eord 


The peripheral nervoiis 
system eonsists of the vast 
network of nerves throughout 
the body. 



Nerves 


Ganglia 


FAST FACT 


The study of the nervous system 
is ealled neurobiology. 


In brief, the peripheral nervous system eonsists of everything outside of the brain and spinal eord. However, because the 
nervous system performs so many different functions, it’s helpful to further subdivide the peripheral nervous system, as 
shown in the flowchart below. 


Central nervous system 


Peripheral nervous system 





j 



Brain 


Spinal eord 



Somatie sensory 

Oarries signals from 
skin, bones, joints, 


and muscles 


v_ 




J 


Sensory (afferent) division 

Oarries signals from nerve 




endings to CNS 


Motor (efferent) division 

Transmits information from 



' 




CNS to rest of body 




J 


Viseeral sensory 

Carries signals from 
viseera of heart, lungs, 
stomaeh, and bladder 




Somatie motor 

Allows voluntary 
movements of 
skeletal muscles 


Aiitonomie motor 

Provides “automatic” 
aetivities such as eontrol 
of blood pressure and 




heart rate 



Sympathetie division 



Arouses the body for aetion 




Parasympathetie division 


Has a ealming effeet 


j 














































































































Two types of eells make up the nervous system: neurons and neuroglia. Neurons are the excitable, impulse-conducting eells 
that perform the work of the nervous system, while neuroglia proteet the neurons. 


Neuroglia 

Also ealled glial eells, neuroglia are the 
supportive eells of the nervous system. 
(The word glia means a glue,” and 
neuroglia do just that: they bind 
neurons together.) They also perform 
various functions that enhanee the 
performanee of the nervous system. 
Underscoring the importanee of 
neuroglia is the faet that the nervous 
system eontains about 50 glial eells for 
eaeh neuron. 

The nervous system eontains fìve 
major types of glia. Diverse in shape as 
well as fìmetion, the following table 
summarizes eaeh type. Schwann eells 
are found in the peripheral nervous 
system; all the rest reside in the eentral 
nervous system. 


Types of Glial Cells 



Cell Type 

Neuroglia of CNS 

Oligodendroeytes 



Ependymal eells 



Mieroglia 



Astroeytes 



Neuroglia of PNS 

Schwann eells 



Fiinetion 


Form myelin sheath in the brain and spinal eord; speed signal 
conduction 


Line spinal eord and eavities of the brain; some seerete eerebrospinal 
fluid, whereas others have eilia that aid fluid circulation 


Perform phagoeytosis, engulfing mieroorganisms and cellular debris 


Extend through brain tissue; nourish neurons; help form blood-brain 
barrier; attaeh neurons to blood vessels; provide structural support 


Form myelin sheath around nerves in PNS;form neurilemma 
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The Body AT WORK 

Star-shaped astroeytes—the most nameroas ofall glial 
eells—are pervasive throughout the brain. A tiny "foot" 
exists at the end ofeaeh ofthe astroeyte's star-like 
projeetions. Some ofthe feet lateh onto a eapillary vvhile 
others eonneet vvith a nearon. This arrangement allovvs the 
astroeyte to fanneì glucose from the bloodstream to the 
nearon for nourishment. VVhat's more, the feetofthe 
astroeytes join vvith the endothelial eells lining the vvalls of 
eapillaries to ereate a semi-permeable membrane ealled the 
blood-brain barrier (BBB). The BBB, vvhieh exists 
throughout the brain, allovvs small molecules (like oxygen, 
earbon dioxide, and vvater) to diffuse aeross to the brain but 
bloeks larger molecules. This helps proteet the brain from 
foreign substances. Hovvever, italso prevents most 
medieations from reaehing brain tissue, making treating 
disorders ofthe brain ehallenaina. 


Life lesson: 

Brain tnmors 

Llnlike neurons, which don't undergo mitosis, 
glial eells retain the ability to divide throughout 
life. While this allows them to replaee worn-out 
or damaged eells, it also makes them susceptible 
to tumor formation. In faet, most adult brain 
tumors eonsist of glial eells. These types of 
tumors—ealled gliomas —are highly malignant 
and grow rapidly. Because of the blood-brain 
barrier (see'The Body atWork"on this page), 
most medieations aren't effeetive in treating 
these tumors, which is why surgery and radiation 
continue to be treatment mainstays. Certain 
techniques that may help augment drug delivery 
to the tumor indude administering a 
eoneentrated sugar solution to make the BBB 
permeable, injeeting drugs direetly into spinal 
fluid, or implanting a ehemotherapy wafer within 
the brain tissue. 
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Neiirons 

Nerve eells ealled neurons handle the nervous systems role of communication. There are three elasses of neurons: sensory 
(afferent) neurons, interneurons, and motor (efferent) neurons. Eaeh neuron type fulfills one of the three general functions 
of the nervous system. 


Sensory neurons 

Sensory (afferent) neurons 

deteet stimuli—such as touch, 
pressure, heat, eold, or ehemieals 
and then transmit information 
about the stimuli to the CNS. 



lnterneurons 


lnterneurons, which are found only in the CNS, eonneet 
the ineoming sensory pathways with the outgoing motor 
pathways. Besides reeeiving, proeessing, and storing 
information, the eonneetions made by these neurons 
make eaeh of us unique in how we think, feel, and aet. 






Motor neurons 

Motor (efferent) neurons relay 
messages from the brain (which the 
brain emits in response to 
stimuli) to the muscle or gland eells. 



Types ofNeurons 

Neurons vary greatly in both size and shape. They also vary aeeording to the type, number, and length of projeetions. 



Multipolar neurons 

Multipolar neurons have one axon and multiple dendrites.This is 
the most eommon type of neuron and includes most neurons of the 
brain and spinal eord. 


Dendrite 



Bipolar neurons 

Bipolar neurons have two proeesses: an axon and a dendrite with 
the eell body in between the two proeesses.These neurons ean be 
found in the retina of the eye and olfaetory nerve in the nose. 



Llnipolar neurons 

llnipolar neurons have one proeess—an axon—that extends from 
the eell body before branehing in a T shape.These neurons mostly 
reside in the sensory nerves of the peripheral nervous system. 


FAST FACT 


About 90% of the body s neurons are interneurons. 
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Neuron Structure 

Neurons are perhaps the most diverse of all body eells, assuming a variety of shapes and sizes. In general, though, neurons 
have three basie parts: a eell body and two extensions ealled an axon and a dendrite. 


The eell body (also ealled the soma) is the 
eontrol eenter of the neuron and eontains 
the nucleus. 


Dendrites, which look like the bare 
branehes of a tree, reeeive signals 
from other neurons and conduct the 
information to the eell body. Some neurons 
have only one dendrite; others have 
thousands. 


The axon, which earries nerve signals away 
from the eell body, is longer than the 
dendrites and eontains few branehes. 
Nerve eells have only one axon; however, 
the length of the fiber ean range from a 
few millimeters to as much as a meter. 


The axons of many (but not all) neurons are 
eneased in a myelin sheath. Consisting 
mostly of lipid, myelin aets to insulate the 
axon. In the peripheral nervous system, 
Schwann eells form the myelin sheath. In 
the CNS, oligodendroeytes assume this role. 
(For more information, see í/ Myelin"on the 
next page.) 


Gaps in the myelin sheath, ealled nodes of 
Ranvier, occur at evenly spaeed intervals. 


The end of the axon branehes extensively, 
with eaeh axon terminal ending in a 
synaptie knob. VVithin the synaptie knobs 
are vesieles eontaining a neurotransmitter. 


FAST FACT 





e seiatie nerve eontains the 
longest axon in the body; it 
extends from the base of the 
spine to the big toe in eaeh foot 
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PARTIII Regiilation and Integration of the Body 



Myelin 

Not all nerve fibers are myelinated. However, because myelin helps speed impulse conduction, unmyelinated fibers conduct 
nerve impulses more slowly. Typieally, unmyelinated nerve fibers perform functions in which speed isn’t essential, such as 
stimulating the seeretion of stomaeh aeid. In eontrast, nerve fibers stimulating skeletal muscles, where speed is more 
important, are myelinated. 


In the peripheral nervous system, the 
myelin sheath is formed when 
Schwann eells wrap themselves 
around the axon, laying down 
multiple layers of eell membrane. It's 
these inside layers that form the 
myelin sheath.The nucleus and most 
of the eytoplasm of the Schwann eell 
are loeated in the outermost layer. 
This outer layer, ealled the 
neurilemma, is essential for an 
injured nerve to regenerate. 



Schwann eell 
nucleus 


Myelin sheath 


In the CNS, the myelin sheath is 
formed by oligodendroeytes. Llnlike 
Schwann eells—which wrap 
themselves eompletely around one 
axon—one oligodendroeyte forms 
the myelin sheath for several axons. 
Speeifieally, the nucleus of the eell is 
loeated away from the myelin 
sheath and outward projeetions 
from the eell wrap around the 
axons of nearby nerves. As a result, 
there is no neurilemma, which 
prevents injured CNS neurons from 
regenerating.This explains why 
paralysis resulting from a severed 
spinal eord is currently permanent, 
although researehers continue to 
explore possible solutions. 


Oligodendroeyte 







The Body AT WORK 

Although myelination begins during the 
foiirteenth vveekoffetal development, itis not 
eomplete until late adoleseenee. In faet, at birth, 
very fevv ofthe nearons in a nevvborn's brain are 
myelinated. During infaneyand ehildhood, 
hovvever, myelination proeeeds rapidly. For this to 
occurproperly, ehildren need an adequate supply 
ofdietary fat. (Remember: Myelin is mostly fat.) 
That's vvhy ehildren younger than age tvvo should 
never be plaeed on a lovv-fat diet. 
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Fibers 



When nerves are injured (such as from a cut, crushing injury, or some other type of trauma), their ability to repair 
themselves depends upon the extent of the injury as well as their loeation. Nerves in the peripheral nervous system ean 
regenerate as long as the soma and neurilemma are intaet. Because nerves in the eentral nervous system laek a neurilemma, 
they eannot regenerate. Therefore, most injuries to the brain and spinal eord cause permanent damage. The following 
figures illustrate the repair proeess in a somatie motor neuron. 


I VVhen a nerve fiber is cut, the distal portion of the axon 
is separated from its source of nutrition. Consequently, it 
begins to degenerate along with the myelin sheath and 
Schwann eells. Maerophages move in to elean up the resulting 
debris. 



2 Because the muscle fibers normally innervated by the 
nerve are deprived of nervous input, they begin to 
atrophy, or shrink. Meanwhile, the severed portion of the axon 
sprouts new growth proeesses. At the same time, the 
neurilemma forms a tunnel near the site of the injury; new 
Schwann eells grow within the tunnel. 


3 When one of the new growth proeesses finds its way into 
the tunnel, it begins to grow rapidly (3 to 5 mm/day). At 
that point, the other growth proeesses begin to retraet. 


New Schwann 



Regeneration 

tunnel 





4 The new fiber continues to grow, guided by the tunnel, 
until it reestablishes eontaet with the muscle. After that 
occurs, the reinnervated musclefibers regrow. 



Life lesson: Nerve injtiries 

When a peripheral nerve is severed, neurosurgeons may try to realign the nerve 
ends surgically. If the severed ends aren't adjaeent to one another, the surgeon 
may use a nerve or vein graft to bridge the gap. Success with these techniques is 
variable, however. Another method currently being researehed is the use of 
synthetie guidance ehannels to help direet newly growing axons. The ehannels 
may be implanted empty, or they may be filled with growth faetors or neural 
eells. 
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Impiilse Conduction 



To relay messages to organs and tissues throughout the body, nerves must initiate and then transmit signals from one neuron 
to the next neuron at lightning speed. Signal transmission occurs through an eleetrieal current, which, like all eleetrieal 
currents, results from the flow of eharged partieles from one point to another. 

In the body, whenever ions with opposite eleetrieal eharges are separated by a membrane, the potential exists for them to 
move toward one another (depending, of course, upon the permeability of the membrane). This is ealled membrane 
potential. A membrane that exhibits membrane potential—an excess of positive ions on one side of the membrane and an 
excess of negative ions on the other side—is said to be polarized. 



ANIMATION 0 

1 

I Resting potential 

• Inside of eell has negative eharge; 
outside has positive eharge 

• Exterior rieh in Na + ; interior rieh 
in K+ 



When a neuron is not conducting an eleetrieal signal, its interior has a negative eleetrieal eharge, while the eharge on the 
outside is positive. The outside of the eell is rieh with sodium ions (Na + ) while the inside eontains an abundance of 
potassium ions (K + ). The interior of the eell eontains other ions as well, particularly large, negatively eharged proteins and 
nucleic aeids. These additional partieles give the eell’s interior its overall negative eharge. Because of the membrane’s 
permeability, a eertain amount of sodium and potassium ions leak aeross the membrane. However, the sodium-potassium 
pump eonstantly works to restore the ions to the appropriate side. (For more information on the sodium-potassium pump, 
see Chapter 3, Cells.) This state of being inaetive and polarized is ealled resting potential. The neuron is resting, but it has 
the potential to reaet if a stimulus eomes along. 



7 

Mm Depolarization 

• Stimulus causes Na+ to enter eell 

• Region of interior ehanges from 
negative to positive 


When a stimulus (such as ehemieals, heat, or meehanieal pressure) eomes along, ehannels on the resting neuron’s membrane 
open and the Na + from outside the membrane rnshes into the eell. The addition of all these positively eharged ions ehanges 
the eharge of a region of the eell’s interior from negative to positive. As the membrane beeomes more positive, it is said to 

depolarize. 
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3 

Aetion potential 

• ehannels in adjaeent areas open 
and more Na + enters the eell 

Nerve impulse continues down the 
length of theaxon 



If the depolarization is strong enough—in other words, if the stimulus goes above what’s known as the threshold level— 
adjaeent ehannels also open, allowing even more Na + to flood the eell’s interior. This ereates an aetion potential, meaning 
that the neuron has beeome aetive as it conducts an impulse along the axon. Another term for aetion potential is nerve 
impulse. The aetion potential continues down the axon as one segment stimulates the segment next to it. 



K + 

A 

/ v » 

+ + + + - - - I- + 


+ + + + 



K + 



Repolarization 


• K + flows out of eell 


• Eleetrieal balanee restored: interior 
has negative eharge and exterior 
has positive eharge 


Meanwhile, the sudden influx of Na + triggers the opening of other ehannels to allow K + to flow out of the eell. Soon after 
K + begins to exit, the Na + ehannels shut to prevent any more Na + from flowing into the eell. This repolarizes the eell; 
however, Na + and K + are now flip-flopped, with the outside eontaining more K + and the inside eontaining more Na + . 
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Refraetory period 

Membrane is polarized, but Na + 
and K + are on wrong sides of 
membrane 

Sodium-potassium pump works to 
restore ions to rightful sides 


Although the membrane is polarized, the neuron won’t respond to a new stimulus as long as the Na + and K + are on the 
wrong sides of the membrane. This is known as the refraetory period. The sodium-potassium pump works to return Na + 
to the outside and K + to the inside. When this is eompleted, the nerve is again polarized and in resting potential until it 
reeeives another stimulus. 




The Body AT WORK 

Aetion potential is an "'aìì or nothing"event. When a stimulus reaehes a threshold and 
depolarizes the nearon, the nearon fires at its maximum voltage. Ifthe stimulus doesn't reaeh 
the threshold, the nearon doesn't fire at all. What's more, a stronger stimulus doesn't produce 
a stronger response. In this way, as eaeh nearon segment triggers firing in the segment next 
to it, the nerve impulse continues at the same strength all the way to the synaptie knobs. 
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Impulse Conduction in Myelinated Fibers 

Nerve impulses move through unmyelinated fibers as previously deseribed. In myelinated fibers, however, the thiek layer of 
myelin eneasing the axons of most nerve fibers bloeks the free movement of ions aeross the eell membrane. The only plaee 
ion exchange ean occur is at the nodes of Ranvier: the evenly spaeed gaps in myelin. The following illustration shows how a 
nerve impulse travels down a myelinated fiber. 




ANIMATION 0 


Eleetrieal ehanges occur at the nodes of Ranvier, ereating an aetion potential. The 
current flows under the myelin sheath to the next node, where it triggers another 
aetion potential. 



FAST FACT 


Neurons ean transmit 
impulses amazingly fast: up 
to 120 meters per seeond 
(268 miles per hour). 


This proeess continues as the signal moves down the axon. Because the aetion 
potentials occur only at the nodes, the impulse seems to “leap” from node to node. 
This type of signal conduction is ealled saltatory conduction. (The word saltatory 
eomes from the Latin word saltare , which means “to leap.”) 


Life lesson: Multiple selerosis 

Multiple selerosis (MS) is a disease in which the myelin sheaths surrounding the nerves of the CNS deteriorate and are 
replaeed by hard sear tissue (ealled plaques). These ehanges disrupt nerve conduction and cause symptoms that vary, 
depending upon which nerves are affeeted. Common symptoms include visual disturbances (such as blindness or 
double vision), weakness, loss of eoordination, and speeeh disturbances. The disease progresses over many years; 
symptoms typieally improve and then worsen in unpredictable eyeles. MS tends to strike women between the ages of 
20 and 40 years. Although the exact cause is unknown, experts speculate that a virus may trigger an autoimmune 
reaetion in which the patient's immune system attaeks the myelin of the CNS. There is no known cure. 







































Nerve impiilses usually travel through several different neurons before reaehing their target organ or tissue. For this to 
happen, the impulse must have some way of transferring from one neuron to the next. The area where this occurs is ealled a 
synapse. Chapter 9 discussed the synapses that occur between nerves and muscles; now we’ll examine the synapses that 
occur between two neurons. 

Some synapses (such as those between eardiae muscle eells and eertain types of smooth tissue eells) are eleetrieal. In these 
instanees, adjaeent neurons touch, which allows an aetion potential to pass smoothly from one neuron to the next. More 
eommonly, synapses are ehemieal. In these instanees, the two neurons don’t touch. Instead, a ehemieal ealled a 
neurotransmitter bridges a very narrow gap (the synaptie eleft) to earry the message from the first neuron (the presynaptie 
neuron) to the next (the postsynaptie neuron). Although greatly simplifìed, here’s what basieally happens: 


ANIMATION © 



When an aetion potential 
reaehes a synaptie knob, the 
membrane depolarizes.This causes 
ion ehannels to open, which allows 
calcium ions to enter the eell. 


Ca 2+ 



Axon 


Aetion potential 



The infusion of calcium causes 
vesieles to fuse with the plasma 


membrane and then release their 
store of a neurotransmitter into the 
synapse. 












Onee released, the neurotransmitter 
binds to reeeptors on the postsynaptie 
membrane. Eaeh neurotransmitter has a 
speeifie reeeptor. (For example, the 
neurotransmitter epinephrine ean bind 
only to reeeptors speeifie to epinephrine.) 




The speeifie neurotransmitter 
determines whether the impulse 
continues (ealled excitation) or whether it 
is stopped (ealled inhibition). If the 
neurotransmitter is excitatory—as shown 
here—Na + ehannels open, the membrane 
beeomes depolarized, and the impulse 
continues. If the impulse is inhibitory, K + 
ehannels open, and the impulse stops. 


Aetion potential 

++++++ 




The reeeptor then releases the neuro- 
transmitter, after which it is reabsorbed 
by the synaptie knobs and reeyeled or 
destroyed by enzymes (as shown here). 


FAST FACT 


Seientists have diseovered more than 100 different 
neurotransmitters in the human body. Some eommon 
neurotransmitters include aeetyleholine, epinephrine, 
norepinephrine, serotonin, dopamine, and histamine. 


FAST FACT 


One neuron ean have multiple synapses. In faet, in a 
particular portion of the brain, one neuron ean have up to 
100,000 synapses. 










































PARTIII Regiilation and Integration of the Body 




The spinal eord is the information passageway that relays messages from the brain to the rest of the 
body. Thirty-one pairs of spinal nerves braneh out from the spinal eord, linking it to the far reaehes 
of the body. Although the spinal eord is part of the eentral nervous system and the peripheral nerves 
are part of the peripheral nervous system, the two are inseparable. 


FAST FACT 


The spinal eord is as wide as your finger 
and extends for about 17" (43 em). 


S 


Basieally a bundle of nerve fibers, the 
spinal eord extends from the base of the 
brain until about the first lumbar vertebra. 


Extending from the end of the spinal eord 
is a bundle of nerve roots ealled the cauda 
equina —so named because it looks like a 
horse's tail. 



Nerves from the eervieal region of the 
spinal eord innervate the ehest, head, neek, 
shoulders, arms, hands, and diaphragm. 


Nerves from the thoraeie region extend to 
the intereostal muscles of the ribeage, the 
abdominal muscles, and the baek muscles. 


The lumbar spinal nerves innervate the 
lower abdominal wall and parts of the 
thighs and legs. 


Nerves from the saeral region extend to the 
thighs, buttocks, skin of the legs and feet, 
and anal and genital regions. 





The Body AT WORK 

Early in fetal development, the spinal eord extends all the way down the vertebral column. However, 
the vertebral column grows faster than the spinal eord and, by the time a baby is born, the spinal eord 
ends ataboat the levelofL3. By adulthood, thespinaleordextends only as farasLl. This explains why 
lumbarpunctures (proeedares in which a needle is inserted into spinal eanal to withdraw 
eerebrospinal fluid for analysis) are performed between L3 and L4. At that loeation, there's no danger 
ofnieking the spinal eord with the needle. 
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The spinal eord sits inside a proteetive, bony tunnel ereated by the staeked vertebrae. A eross seetion elearly shows the two 
types of nervous tissue (white matter and gray matter) that make up the spinal eord. 


Gray matter —vvhieh appears gray 
because of its laek of myelin— 
eontains mostly the eells bodies of 
motor neurons and interneurons. 
This H-shaped mass is divided into 
tvvo sets of horns: the posterior 
(dorsal) horns and the ventral 
(anterior) horns. 


White matter appears vvhite 
because of its abundance of myelin. 
It eontains bundles of axons (ealled 
traets) that earry impulses from one 
part of the nervous system to 
another. 


Posterior horn 


Anterior horn 



A small spaee—ealled the epidural 
spaee —lies betvveen the outer 
eovering of the spinal eord and the 
vertebrae; it eontains a cushioning 
layer of fat as vvell as blood vessels 
and eonneetive tissue. 


Spinal nerve 


Vertebral body 


A minute opening ealled the eentral 
eanal earries eerebrospinal fluid 
through the spinal eord. 


Attaehment of Spinal Nerves 

Spinal nerves travel through gaps between the vertebrae 
(which are held apart by intervertebral dises) and attaeh to 
the spinal eord by way of two roots: the dorsal and the 
ventral roots. 


The dorsal (posterior) nerve 
root eontains fibers that earry 
sensory information into the 
spinal eord. It enters the dorsal 
horn of the spinal eord. 

Cell bodies of the dorsal 
neurons are clustered in a 
knot-like structure ealled a 

ganglion. 

A spinal nerve is a single nerve 
resulting from the fusion of the 
dorsal and ventral nerve roots. 
Because the nerve eontains 
both sensory and motor 
fibers—meaning it ean 
transmit impulses in tvvo 
direetions—it's ealled a mixed 


nerve 


Fibers in the ventral (anterior) 
nerve roots exit from the 
ventral horn to earry motor 
information out of the spinal 
eord. 



Meninges of the Spinal Cord 

In addition to the bony proteetion offered by the vertebrae, 
the spinal eord is further proteeted by three layers of fibrous 
eonneetive tissue, ealled the meninges. (The meninges also 
eovers the brain.) The three layers of the meninges, from 
the inside out, are the pia mater, the araehnoid mater, and 
the dura mater. 


The pia mater is the innermost 
layer. This transparent membrane 
elings to the outer surface of the 
brain and spinal eord. It also 
eontains blood vessels. 


The subarachnoid spaee lies 
betvveen the araehnoid mater and 
the pia mater. It is filled vvith 
eerebrospinal fluid. 


The araehnoid mater —a delieate 
layer resembling a eobvveb—lies 
betvveen the dura mater and the 
pia mater. 


The dura mater is the tough 
outer layer. 
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PARTIII Regiilation and Integration of the Body 



SpinalTraets 

Within the white matter of the spinal eord are bundles of axons ealled traets that serve as the routes of communication to 
and from the brain. All the nerve fìbers of a single traet have a similar origination, destination, and fìmetion. As an example, 
the fìbers of the spinothalamie traet originate in the spinal eord (. spino -) and end in the thalamus ( thalamie ). In addition, 
they all eonvey sensations of pain, touch, and temperature to the thalamus in the brain. 

Some of the most important traets are highlighted in the fìgure below. Note: All traets exist on both sides of the spinal 
eord, but, in this illustration, the aseending traets are highlighted on the left and the deseending traets on the right. 



Aseending traets eonvey sensory signals (such as pain) up the 
spinal eord to the brain. 



Deseending traets conduct motor impulses down the spinal 
eord to skeletal muscles. 




The dorsal column relays 
sensations of deep pressure and 
vibration as well as those needed 
to ereate awareness of the body's 
position (proprioeeption). 


The spinoeerebellar traet is 

responsible for proprioeeption. 


The spinothalamie traet relays 
sensations of temperature, 
pressure, pain, and touch. 



The eortieospinal traets (also 
ealled the pyramidal traets) 

are responsible for fine 
movements of hands, fingers, 
feet, and toes on the opposite 
side of the body. 


The extrapyramidal traets are 

a group of traets assoeiated 
with balanee and muscle tone. 






The Body AT WORK 

Most ofthe spinal eord traets eross from one side 
ofthe body to the other in the brainstem. This is 
ealled decussation. Forexamp!e, sensory signals 
from the rightside ofthe body are sent to the left 
side ofthe brain. Also, motor signals being sent to 
the rightside ofthe bodyoriginate on the leftside 
ofthe brain. This is why someone who saffers a 
stroke affeeting motor eenters in the leftside ofthe 
brain will have weakness orparalysis on the right 
side ofthe body and viee versa. 



That Makes Sense 

To remember the differenee between aseending and 
deseending traets, think aboat this: When you step on a 
nail, the sensation ofpain aseends toyoar brain. 
(Aseending: sensory.) In response,your brain issues an 
impulse that travels down toyour foot, tellingyou to 
move. (Deseending: motor.) 


FAST FACT 


All the axons in a given traet 
serve one general fìmetion. 
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Life lesson: Spinal eord injury 

Over 10,000 people in the llnited States suffer from spinal eord injuries eaeh year. Males betvveen the ages of 16 
and 30 have the greatest risk, mainly because of their tendeney for high-risk behaviors. Most injuries result from 
ear and motoreyele aeeidents. 

If the spinal eord is severed—often because of a vertebral fracture—it causes a loss of movement and sensation 
below the level of the injury. For example, a spinal eord injury between the levels of T1 and L1 causes paralysis in 
the legs ( paraplegia); an injury above the C5 vertebra causes paralysis in all the limbs (quadriplegia). An injury 
above C4 is espeeially serious because this is where the phrenie nerve exits the spinal eord. Because the phrenie 
nerve innervates the diaphragm, an injury here ean cause respiratory failure. 



Spinal Nerves 


Spinal nerves (part of the peripheral nervous system) relay information from the spinal eord to the rest of the body. 



A nerve eonsists of many nerve fibers 
(axons) eneased by eonneetive tissue.The 
number of nerve fibers eontained in a 
single nerve varies from a few to as many 
as a million. (Remember: A neuron is a 
nerve eell; a nerve eontains many neurons.) 


Connective tissue 


Nerve fibers are gathered together in 
bundles ealled faseieles; in turn, several 
faseieles are grouped together—along 
with blood vessels—and wrapped in a 
dense eonneetive tissue. 


Myelin 


sheath 


Axons 


Blood vessels 


Most nerves eontain both sensory and motor fìbers and are ealled mixed nerves. These nerves ean transmit signals in two 
direetions. A few nerves (such as the optie nerves) are sensory nerves and eontain only sensory (afferent) fibers. They earry 
sensations toward the spinal eord. Others are motor nerves and eontain only motor (efferent) fìbers and earry messages to 
muscles and glands. 



That Makes Sense 

To moke sense ofthe terms used for nerves ond nerve troets, think oboot this: Sensotion 
olvvoys trovels tovvord the CNS. Sensory nerves tronsmit impulses tovvord the spinol eord; 
onee there, they trovel up the spinol eord (oseend) olong the oseending troet. As o further 
hint, remember thot afferent (sensory) nerves link to the aseending troet. Motor nerves 
eorry messoges obout movement; therefore, those impulses leove (or exit) the spinol eord 
olong efferent (motor) nerves. 
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PARTIII Regiilation and Integration of the Body 



Categories of Spinal Nerves 

Thirty-one pairs of spinal nerves eonneet to the spinal eord. They include: 

• 8 eervieal nerves (Cl-C8) 

• 12 thoraeie nerves (T1-T12) 

• 5 lumbar nerves (L1-L5) 

• 5 saeral nerves (S1-S5) 

• 1 eoeeygeal nerve (Co) 

The first eervieal nerve exits the spinal eord between the skull and the 
axis. The other nerves pass through holes in the vertebra (intervertebral 
foramina). 

Onee outside the spinal column, eaeh spinal nerve forms several large 
branehes. Some of these branehes subdivide further to form nerve 
networks ealled plexuses. The four major plexuses are the eervieal plexus, 
the braehial plexus, the lumbar plexus, and the saeral plexus. 





Axillary 

nerve 


Radial 

nerve 


Median 

nerve 

Lllnar 
nerve 


Femoral 

nerve 


Seiatie 
nerve 


Phrenie nerve 



The eervieal plexus eontains nerves that supply the muscles and 
skin of the neek, tops of the shoulders, and part of the head.The 
phrenie nerve, which stimulates the diaphragm for breathing, is 

loeated here. 





The braehial plexus innervates the lower part of the shoulder and 
the arm. Key nerves traveling into the arm from this region include 
the axillary nerve (which passes elose to the armpit, making it 
susceptible to damage from the use of crutches), the radial nerve, 
the ulnar nerve, and the median nerve. 



The liimbar plexus —derived from the fibers of the first four 
lumbar vertebrae—supplies the thigh and leg. A key nerve in this 
region is the large femoral nerve. 

The saeral plexus is formed from fibers from nerves L4, L5, and S1 
through S4. (Because of the eo-mingling of fibers of the saeral 
plexus with those of the lumbar plexus, these two plexuses are 
often referred to as the lumbosacralplexus.) The seiatie nerve, the 
largest nerve in the body, arises here and runs down the baek of the 
thigh. Irritation of this nerve causes severe pain down the baek of 
the leg, a eondition ealled seiatiea. 
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Dermatomes 

Eaeh spinal nerve (except for Cl) innervates a speeifìe area of the skin. 
These areas are ealled dermatomes. Oinieians use this information to 
identify the loeation of a nerve abnormality by testing a patient’s response 
to pinprieks in the different areas. 




The Body AT WORK 

Your ability to stand, vvalk , and correctyour balanee ean all be 
attributed to reflexes. Speeifieally, skeletal muscles eontain 
sensory reeeptors thatsend messages to the brain about the 
amount ofstreteh in a muscle as vvell as the movement of body 
parts. This allovvs the brain to emitsignals to eorreet muscle 
tone and eontrol movement; it also allovvs it to trigger a reflex 
to eorreetposture. For example, keeping your balanee ean be 
attributed to the reflexive eontraeting and relaxing ofvarioas 
muscles—aii withoutyour awareness. 





Cervical nerves 


Thoraeie nerves 


Liimbar nerves 


Saeral nerves 



Somatie Ref exes 


Reflexes are a quick, involuntary, predietable response to a stimulus. Reflexes employ a neural circuit ealled a reflex are, 
which bypasses regions of the brain where conscious deeisions are made. That’s why someone beeomes aware of a reflex only 
after it’s occurred. Some reflexes—ealled autonomic (viseeral) reflexes—involve seeretion from glands or the eontraetion of 
smooth muscle (such as dilation of the pupil). These reflexes are governed by autonomic neurons, which will be discussed 
later in this ehapter. 

Somatie reflexes involve the eontraetion of a skeletal muscle after being stimulated by a somatie motor neuron. Somatie 
reflexes often help proteet the body against harm—such as causing you to withdraw your hand from a hot stove. Other 
reflexes help you maintain your posture. (See “The Body at Work” on this page.) Several reflexes (such as the patellar reflex, 
deseribed below) are eommonly tested during physieal exams to identify eertain diseases. 


ANIMATION 0 


Afferent (sensory) nerve fibers send 
a signal direetly to the spinal eord. 


3 

The impulse immediately 

passes to a motor neuron. 



Somatie reeeptors (loeated 
in the skin, a muscle, or a 
tendon) deteet a sensation, such 
as the stretehing of the thigh 
muscle when the patellar 
tendon is tapped. 




The motor neuron initiates an 
impulse baek to the muscle, 
causing it to eontraet, producing a 
slight kiek in the lower leg. 




CHAPTER 10 Nervoiis System 


















































































PARTIII Regiilation and Integration of the Body 



THE BRAIN AND lRANIAL NERVES 

The brain is the site for thought, learning, reasoning, memory, and ereativity. Indeed, the brain performs numerous amazing 
functions, many of which remain beyond our grasp. 




General Structures of the Brain 


The brain is divided into four major regions: the eerebmm, the dieneephalon, the cerebellum, and the brainstem. 


Sulci 



í 


Oerebral 

hemispheres 


A deep groove ealled the 
longitiidinal fissure divides the 
cerebrum into right and left 
eerebral hemispheres. A thiek 
bundle of nerves ealled the corpus 
callosum runs along the bottom of 
the fissure and serves to eonneet 
the two hemispheres. 




The eerebmm is the largest portion of the 
brain. Its surface is marked by thiek ridges 
ealled gyri (singular: gyrus). Shallow 
grooves ealled sulci (singular: sulcus) divide 
the gyri. Deep sulci are ealled fissures. 


The dieneephalon sits between the 
cerebrum and the midbrain. 


The cerebellum is the seeond largest 
region of the brain. Although smaller than 
the cerebrum, it eontains more neurons 
than the rest of the brain eombined. 


The brainstem makes up the rest of the 
brain. It eonsists of three structures: 

• Midbrain 

• Pons 

• Medulla oblongata 



The Body AT WORK 

Because the brain's graymatter (the parteharged i /vith thought, learning, and 
reasoning) is loeated at its surface, the folds allovv more gray matter to be 
paeked into the small area ofthe skull. (As an analogy ; think offitting a large 
pieee ofpaper into a small spaee: it beeomes possible ifyou crunch it into a 
ball.) Seientists have long thought that the brain's folds explain vvhy humans 
are more intelligent than speeies vvith smoother brains. Reeentdiseoveries 
have revealed that the folding pattern varies vvith eaeh individual, making a 
person's brain folds as unique as his fingerprints. VVhat's more, seientists have 
diseovered abnormal folding patterns in those suffering from a varietyof 
mental and neurodevelopment disorders, ranging from depression to autism. 


Gray and White Matter 

Like the spinal eord, the brain eontains both gray and white matter. Unlike the spinal 
eord (in which gray matter forms the interior), in the brain, gray matter forms the 
surface. Speeifìeally, gray matter (eonsisting of eell bodies and interneurons) eovers the 
eerebmm and cerebellum in a layer ealled the cortex. Underneath the cortex is white 
matter, although gray matter exists in patehes ealled nuclei throughout the white 
matter. The white matter eontains bundles of axons that eonneet one part of the brain 
to another. 
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Meninges of the Brain 

Like the spinal eord, meninges eovers the outside surface of the brain, offering proteetion. Nearby bone also helps proteet 
the brain from trauma. 



The bones of the skull provide the 
outermost proteetion. 


Inside the skull, three layers of 
meninges eover the brain.The 
layers are the same as in the 
spinal eord: 

• The dura mater eonsists of 
two layers: the outer layer 
(the periosteal layer) is 
attaehed to the inner surface 
of the skull;the inner 
meningeal layer forms the 
outer eovering of the brain 
and continues as the dura 
mater of the spinal eord. 

• The araehnoid mater is the 
middle layer. 

• The pia mater elings tightly 
to the surface of the brain. 


Araehnoid villus 


Gray matter 


In some loeations, the dura mater 
separates to ereate spaees ealled dural 
sinuses.These sinuses eolleet blood 
that has passed through the brain and 
is on its way baek to the heart. 


A subdural spaee separates the 
dura from the araehnoid mater. 


A subarachnoid spaee 

separates the araehnoid 
mater from the pia 
mater. 


White matter 


FAST FACT 


Men have larger brains than women. 
However, brain size is proportional 
to body size and does not refleet 
intelligenee. 


n some plaees, the dura mater extends 
inward and separates major portions of the 
brain.The falxeerebri, shown here, dips into 
the longitudinal fissure to separate the 
right and left hemispheres. Elsewhere, the 
tentorium eerebella extends over the top of 
the cerebellum, separating it from the 
eerebmm. 


Life lesson: Meningitis 

infeetion or inflammation of the meninges is ealled meningitis. infeetion may be caused by several different 
baeteria or viruses that gain entry to the eentral nervous system by spreading from other loeations in the body, 
such as from an ear or sinus infeetion. Baeterial meningitis occurs íess frequently than viral meningitis, but it ean 
be life-threatening without immediate treatment. 

Symptoms of meningitis include fever, stiff neek, irritability, headaehe, drowsiness, and seizures. Infants with 
meningitis may have different symptoms, including poor feeding, bulging fontanelles, and a high-pitehed ery. 

Viral meningitis usually causes milder symptoms, such as those similar to a eold or the flu. In faet, viral meningitis 
often goes undiagnosed because the symptoms are so mild. 

To diagnose meningitis, a sample of eerebrospinal fluid is obtained through a lumbar puncture. The fluid is 
then examined for baeteria and white blood eells, a sign of nflammation. Viral meningitis usually resolves on its 
own in 7 to 10 days, while baeterial meningitis requíres hospitalization and treatment with intravenous antibioties. 
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Ventrkles 

The brain eontains four ehambers, ealled ventrieles. 



Central eanal 


Two lateral ventrieles areh through the eerebral 
hemispheres: one in the right hemisphere and one in the 
left. 


Eaeh of the lateral ventrieles eonneets to a third ventriele. 


A eanal then leads to the fourth ventriele. This spaee 
narrows to form the eentral eanal, which extends through 
the spinal eord. 


Cerebrospinal Fliiid 

A elear, eolorless fluid ealled ee rebrospinal fluid (CSF) fills the ventrieles and eentral eanal; it also bathes the outside of the 
brain and spinal eord. CSF is formed from blood by the ehoroid plexus (a network of blood vessels lining the floor or wall 
of eaeh ventriele). 



. 



I 
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The Body AT WORK 

The brain produces about 500 ml ofCSF eaeh day; hovvever, 
much ofthat is reabsorbed. At any one time, an adult brain 
eontains about 140 ml ofCSF. CSF is not stagnant; rather, it 
eonstantly flovvs through the eentral nervous system, providing 
nourishment in the form ofglucose andprotein and helping to 
remove metabolie vvastes. 

CSFplays other roles as vveiì. For example, CSF helps proteet 
the brain against minor traama: When the head is jolted, CSF 
aets as a cushion to keep the brain from striking the inside ofthe 
skull. In addition, CSFplays a role in the maintenanee of 
homeostasis. Speeifieally, the brain monitors the level ofC0 2 in 
CSF and triggers responses as needed to help the body regain 
equilibrium. 


FAST FACT 


Although the brain eonstimtes only 2% 
of an adults body weight, it reeeives 
15% of the blood and consumes 20% of 
the body s oxygen and glucose. 


Life lesson: Hydroeephaliis 

If the flow of CSF beeomes bloeked anywhere on its route, the fluid accumulates in the brain's ventrieles.This 
eondition is ealled hydrocephalus, or, more commonly,"water on the brain. "The accumulating CSF causes the 
ventrieles to expand. In an infant whose eranial bones haven't fused, the entire head expands. An adult, however, 
has no such "release valve." In this situation, the expanding ventrieles eompress the brain tissue against the sides 
of the skull and intraeranial pressure rises. Untreated, the eondition ean prove fatal. It ean, however, be 
successfully treated by inserting a tube, or shunt, to drain fluid from the ventrieles into a vein in the neek. 























ANIMATION © 


Formation and Floiv ofCSF 



The ehoroid plexus in eaeh lateral ventriele 
seeretes CSF. 



The CSF flows into the third ventriele, where 
another ehoroid plexus adds more fluid. 



It then flows into the fourth ventriele, 
where still more CSF is added by the 
ehoroid plexus in that ventriele. 


4 






Some of the CSF moves into the eentral 
eanal of the spinal eord. Most flows 
through two tiny openings (foramina) into 
a spaee leading to the subarachnoid spaee. 



The CSF then flows through the 
subarachnoid spaee, up the baek of the 
brain, down around the spinal eord, and up 
thefront ofthe brain. 



The CSF is reabsorbed into the venous 
bloodstream by projeetions of the 
araehnoid mater into the dural sinuses 
(ealled araehnoid villi). 



Blood-Brain Barrier 

The brain demands a high volume of blood to function properly. 
However, blood also eontains substances such as antibodies and 
maerophages that would harm the brain. As a means of proteetion, a 
blood-brain barrier serves to restriet what substances ean pass from 
the bloodstream into the tissue fluid of the brain. This barrier eonsists 
mainly of eapillaries formed by tightly joined endothelial eells (as 
opposed to the loosely overlapping eells that form the eapillaries in 
general circulation). A thiek basement membrane adds to the barrier, 
as do the feet of astroeytes, which reaeh out and surround the 
endothelial eells. This arrangement ereates a semi-permeable 
membrane throughout the brain. As discussed previously, the 
membrane allows small molecules (like oxygen, earbon dioxide, and 
water) to diffuse aeross to the brain but bloeks larger molecules. Other 
substances that ean difìfiise aeross the barrier include aleohol, nieotine, 
eafìfìeine, and anestheties. Trauma or inflammation ean damage the 
blood-brain barrier and allow pathogens to enter. (For more 
information, see “The Body at Work” under the seetion on neuroglia 
on page 161.) 



FAST FACT 


The circulation of CSF is aided 
by pulsations in the ehoroid 
plexus and by the motion of the 
eilia of ependymal eells. 


FAST FACT 


An intermption in the flow of blood to 
the brain for as little as 10 seeonds 
causes unconsciousness; an intermption 
for 4 minutes produces irreparable brain 
damage. 
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Divisions of the Brain 


The divisions of the brain, starting at the bottom, are the brainstem, cerebellum, dieneephalon, and cerebrum 

Brainstem 

The brainstem eonsists of the midbrain, pons, and medulla oblongata. 


The midbrain eontains traets that relay 
sensory and motor impulses. It also 
eontains eenters for auditory and visual 
reflexes as well as clusters of neurons 
integral to muscle eontrol. 


Thalamus 


The pons eontains traets that eonvey 
signals to and from different parts of the 
brain. Several eranial nerves arise from this 
area; they include eranial nerves V 
(trigeminal), VI (abducens), VII (faeial), and 
VIII (vestibulocochlear). (The eranial nerves 
will be discussed later in this ehapter.) 


The medulla oblongata attaehes the brain to the spinal eord. 
Besides relaying sensory and motor signals between the brain 
and spinal eord, the medulla eontains nuclei that perform 
functions vital to human life.These include: 

• The eardiae eenter, which regulates heart rate 

• The vasomotor eenter, which eontrols blood vessel 
diameter, which, in turn, affeets blood pressure 

• Two respiratory eenters, which regulate breathing 

The medulla also houses reflex eenters for coughing, sneezing, 
swallowing, and vomiting. Several eranial nerves (eranial nerve 
IX [glossopharyngeal], X [vagus], XI [aeeessory], and XII 
[hypoglossal]) either begin or end in the medulla. 



Spinal eord 



FAST FACT 


Because the medulla eontains eenters that regulate 
heart rate, blood pressure, and breathing, an injury 
here—such as from a blow to the base of the skull- 


ean prove fatal. 


Cerebellum 


About the size of a fist, the cerebellum houses more neurons than the rest of the 
brain eombined. Connected to the eerebral cortex by approximately 40 million 
neurons, the cerebellum reeeives, and proeesses, messages from all over the 
brain. Long known to play a key role in motor functions, reeent diseoveries show 
that the cerebellum assumes a powerful role in sensory, eognitive, and even 
emotional functions as well. In brief, the cerebellum: 

• Joins forees with the eerebral cortex to monitor body movements and send 
messages emeial for balanee, eoordination, and posture 

• Stores the information neeessary for muscle groups to work together to 
perform smooth, effieient, and eoordinated movements 

• Evaluates sensory input, such as touch, spatial pereeption, and sound 

People with eerebellar dysfunction (such as from a tumor, hemorrhage, or 
trauma) have a spastie gait, poor balanee, jerky movements, and tremors.They 
also tend to have poor impulse eontrol and overreaet emotionally. 



















Dieneephalon 

The dieneephalon is a region deep inside the brain eonsisting of 
several structures, with the ehief ones being the thalamus and 
the hypothalamus. 



Thalamus 

Shaped like two eggs sitting side by side, the thalamus resides 
on the top of the brainstem. It aets as a gateway for nearly every 
sensory impulse (including smell, sight, taste, pain, pressure, heat, 
eold, and touch) travelling to the eerebral cortex.The thalamus 
proeesses and filters these impulses, transmitting some, but not 
all, to the eerebral cortex. 

The thalamus plays other roles as well. For example, it relays 
messages regarding eertain complex movements; it also is 
involved in memory and emotion. 


Hypothalarrms 

The hypothalamus' small size belies its emeial function. In faet, 
this tiny area of the brain extends its influence to nearly every 
organ of the body.The hypothalamus plays a key role in 
numerous functions. For example, it: 

• Controls the autonomic nervous system (which is responsible 
for such vital functions as heart rate and blood pressure) 

• Contains eenters responsible for hunger, thirst, and temperature 
regulation 

• Controls the pituitary gland—often ealled the"master gland" 
because of its influence on most endoerine glands (such as the 
thyroid, testes, ovaries, and adrenal glands) 

• Is involved in multiple emotional responses, including fear, 
anger, pleasure, and aggression 













The Body AT WORK 

Seottered throughout the brainstem is a setof 
intereonneeted naelei ealled the reticular 
formation. Fibers extend from there to many 
parts ofthe eerebram, the eerebellam, and the 
spinal eord. One eomponentofthe retiealar 
formation is the retiealar aetivating system 
(RAS). Oharged with maintaining a state of 
wakefulness and alertness, the RAS reeeives 
sensory input from the eyes and ears. After 
filtering out insignifieant signals (such as roatine 
noise), it sends impulses to the eerebral cortex so 
the mind remains eonseioas and alert. Drugs 
that depress the retiealar aetivating system 
indaee sleep. 

The retiealarformation also has traets 
extending into the spinal eord that are involved in 
postare and equilibrium. Othereomponents of 
the reticular formation inelade the eardiae and 
vasomotor eenters ofthe medalla oblongata, 
which are responsible for heart rate and blood 
pressare. 



Radiation to eerebral cortex 


Visual input 



Auditory 


Aseending sensory traets 

Deseending motor traets 
to spinal eord 
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Cerebrum 


The largest, and most obviotis, portion of the brain is the eerebmm. Your 
and move ean be eredited to the eerebmm. 

Some of the more obvious sulci (grooves) divide the eerebmm into fìve 
of the skull that lie direetly over them. 


ability to think, remember, feel, use judgment, 
distinet lobes. Eaeh lobe is named for the bones 



Preeentral 
gyrus x 


Posteentral 
gyrus . 


Lateral 

sulcus 


FAST FACT 


If the brains surface were flattened, it would 
measure about 465 square inehes (3000 em 2 ), or 
about the size of an opened newspaper. 


Plays a role in many different functions, 
including pereeption, motor eontrol, self- 
awareness, and eognitive functioning 


Parietal lobe 


lnsula 


• Hidden behind the lateral sulcus 


Central sulcus 


Temporal lobe 

• Separated from the parietal lobe by the 
lateral sulcus 

• Governs hearing, smell, learning, 
memory, emotional behavior, and visual 
reeognition 


Oeeipital lobe 


• Concerned with analyzing and 
interpreting visual information 


Central sulcus forms the anterior boundary 

Concerned with reeeiving and interpreting bodily 
sensations (such as touch, temperature, pressure, 
and pain); also governs proprioeeption (the 
awareness of one's body and body parts in spaee 
and in relation to eaeh other) 


Frontal lobe 

• Central sulcus forms the posterior 
boundary 

• Governs voluntary movements, 
memory, emotion, soeial judgment, 
deeision making, reasoning, and 
aggression; is also the site for eertain 
aspeets of one's personality 


Life lesson: Brain lesions 

The symptoms resulting from injuries to key areas of the brain have been a primary source of information about 
the role those areas play. Following are some examples of symptoms that may occur following trauma or stroke to 
speeifie brain regions. 

• Parietallobe lesion: Dysfunction in this part of the brain causes people to ignore objeets on the opposite side 
of the body—even their own arm and leg. Patients may dress only half their body and even deny that the 
opposite arm or leg belongs to them. 

• Temporallobe lesion: An injury here ean impair the ability to identify familiar objeets. Some may not even 
reeognize their own faee. In other instanees, the person may lose the ability to differentiate between sounds, 
causing him to lose any appreeiation of music. 

• Frontal lobe lesion: A lesion or injury here ean result in severe personality disorders and cause soeially 
inappropriate behavior. 
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Inside the Cerebrum 



Brainstem 


The surface of the eerebmm, ealled the 
eerebral cortex, eonsists of a thin layer 
of gray matter. (Even though the layer 
is thin, gray matter actually makes up 
about 40% of the brain's mass.) 


Masses of gray matter—ealled basal 
nuclei, or, sometimes, basal 
ganglia —lie deep within the 
eerebmm.These structures play a 
role in the eontrol of movement. 


Othertraets earry information baek 
and forth between the brain and the 
spinal eord.These traets are extensions 
of the aseending (sensory) 
spinothalamie traets and the 
deseending (motor) eortieospinal 
traets. Note how the traets eross in the 
brainstem, with the right side of the 
brain sending impulses to the left side 
of the body (and viee versa). 


The bulk of the eerebmm is white 
matter, which eonsists of bundles of 
myelinated nerve fibers, ealled traets. 
Traets earry impulses from one part of 
the eerebmm to the other, or from the 
eerebmm to other parts of the brain or 
spinal eord. 


Most of the traets that pass from one 
hemisphere to the other travel 
through a large"bridge"called the 
corpus callosum. This arrangement 
allows the brain's two hemispheres to 
communicate with eaeh other. 


The Limbie System 

Sometimes ealled the “emotional brain,” the limbie system is the seat of emotion and learning. It’s formed by a complex set 
of structures that eneirele the corpus callosum and thalamus. In brief, it links areas of the lower brainstem (which eontrol 
automatic functions) with areas in the eerebral cortex assoeiated with higher mental functions. Two key structures of the 
limbie system include the hippocampus and amygdala. 

Feelings of anger, fear, sexual feelings, sorrow, and pleasure only result because of a functioning limbie system. However, 
to ensure that those feelings are expressed in soeially aeeeptable ways, other parts of the eerebral cortex must also be engaged 
Limbie system aetivity, without the moderating influence of other parts of the eerebmm, leads to attaeks of uncontrollable 
rage. 



Hippocampus: Charged with eonverting 
short-term memory into long-term 
memory, making it emeial for memory 
and learning. 

Amygdala:Two almond-shaped masses of 
neurons on either side of the thalamus; 
eoneerned with emotions such as anger, 
jealousy, and fear; it also stores, and ean 
reeall, emotions from past events.This 
explains why a current event ean trigger 
emotions from a previous experience, 
such as feeling pleasure when viewing 
a picture of a favorite vaeation spot or 
erying in grief on the anniversary of a loved 
one's death. 
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PART III Regiilation and Integration of the Body 



Functions of the Cerebral Cortex 
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Even though speeifìe areas of the brain focus on eertain fìinetions, these areas are not absolute and ean vary among 
individuals. They ean also shift within an individual to eompensate for an injury, a eharaeteristie known as plastieity. Keep in 
mind that no area of the brain aets alone. Normal brain fìmetion requires multiple structures of the eentral nervous system 
to work together. Many of the brain’s roles require the integration of both sensation and movement. 


Motor Functions of the Cerebral Cortex 

The primary somatie motor area is the preeentral gyrus 


Movement begins with the 
intention to move. Neurons in 
the motor assoeiation area 

determine which movements 
are required to perform a 
speeifie task. It then sends the 
appropriate signals to the 
preeentral gyrus. 


In response, neurons in the 
preeentral gyrus send 
impulses through the motor 
traets in the brainstem and 
spinal eord. The impulses travel 
to the skeletal muscles, and 
movement occurs. 


Sensory Functions of the Cerebral Cortex 

Sensory nerve fibers transmit signals up the spinal eord to 
the thalamus, which forwards them to the posteentral gyrus 

The posteentral gyrus is the 
primary somatie sensory 
area of the brain. It reeeives 
impulses of heat, eold, and 
touch from reeeptors all over 
the body. (Because of 
decussation, the right 
posteentral gyrus reeeives 
signals from the left side of the 
body and the left gyrus 
reeeives signals from the right.) 


Adjaeent to the posteentral 
gyrus is the somatie sensory 
assoeiation area.This area 
allows us to pinpoint the 
loeation of pain, identify a 
texture, and be aware of how 
our limbs are positioned. 


Central sulcus 



Central sulcus 





The Body AT WORK 

The illustration shovvn here, ealled a 
homunculus , maps the parts ofthe 
eerebral cortex dedieated to speeifie 
regions ofthe body. The size ofthe 
bodyparts in the illustration refleets 
the amount ofeortieal tissue 
dedieated to sending signals to, and 
proeessing information from, those 
areas. Forexample, thehands 
perform many intrieate movements 
and ean deteet a variety ofsensations. 
Therefore, they demand a large 
amountofbrain tissue. In eontrast, 
the baek performs fevv movements 
and has limited sensitivity; 
consequently, iteommands a much 
smallerarea ofthe cortex. 


Output: 
Motor cortex 


Sensory cortex 














































Langiiage 

Eaeh aspeet of language—which includes the ability to read, write, speak, and understand—is handled by a different region 
of the eerebral cortex. 


The primary motor cortex 
sends impulses to the muscles 


neeessary to pronounce the word. 




Written words stimulate 

the primary visual cortex 



Broea's area plans the 
muscle movements required 
of the larynx, tongue, eheeks, and 
lips to form the words; it then 
sends the appropriate impulses to 
the primary motor cortex. 


Wernicke's area formulates the 
words into phrases that eomply 
with learned grammatieal rules. 




The angular gyrus translates 
the written words into a form 


that ean be spoken. 


FAST FACT 


Only about 4% of brain eells are aetive 
at any given time. 
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The Body AT WORK 

Because VVernieke's area (loeated in the left temporal lobe) is responsible for language eomprehension, patients 
suffering an injury to this part ofthe brain have difficulty eomprehending what others are saying. They will also have 
difficulty forming their own sentenees, to the extent that they may make no sense. This eondition is ealled VVernieke's 
aphasia. 

Because Broea's area (loeated in the left frontal lobe) eontrols the muscle movements required forspeeeh, those 
suffering an injury to this area will understand i /vhat's being said, but they'll find it difficult, or even impossible, to 
speak. This eondition is ealled Broea's aphasia. 
















PARTIII Regiilation and Integration of the Body 



Speeial Senses 

The primary senses of taste, smell, vision, and hearing are handled by speeialized regions of the brain, as shown below. (For 
more information on the senses, see Chapter 11, Sense Organs.) 



The olfaetory assoeiation area 

interprets the sense of smell. 



The primary gustatory complex handles 
the interpretation and sensation of taste. 



The auditory assoeiation area 

gives us the ability to reeognize 
familiar sounds, including a 
person's voiee or the name of a 
pieee of music. 


The primary auditory complex 

is responsible for hearing. 


The visual assoeiation area interprets the 
information acquired through the primary 
visual cortex.This area allovvs us to 
reeognize familiar objeets. 





The primary visual cortex is responsible 
for sight. It governs the reeognition of size, 
eolor, light, motion, and dimension. 


FAST FACT 


Next to eaeh primary sensory area of the eerebral cortex 
is an assoeiation area that identifies and interprets 
sensory information so that it meaningful and useful. 


Sleep 

The body, as well as the brain, requires periods of sleep, and even dreaming, to fhnetion optimally. However, seientists still have 
much to learn about both sleep and dreaming. What is known, however, is that sleep occurs in repetitive phases ealled stages. 

Stages of Sleep 






























Memory 

The ability to store and retrieve information is one of the brains key functions. The eerebral cortex 
handles two types of memory: short-term memory —in which information is stored briefly and then 
forgotten—and long-term memory —in which information is stored for days or years. Many parts of 
the eerebral cortex partieipate in ereating memory. Memory most likely results when repeated 
stimulation permanently ehanges the synapses of a speeifie circuit of neurons. Although still poorly 
understood, experts think the synaptie ehanges faeilitate impulse transmission. 

Experts also know that the limbie system as a whole, and the hippocampus in particular, plays a 
role in memory. If the hippocampus is damaged, the ability to form new memories is impaired. In 
faet, the hippocampus is one of the first regions to suffer damage in Alzheimers disease, although it 
ean also be damaged due to hypoxia, eneephalitis, or temporal lobe epilepsy. 

Cerebral Lateralization 

While the two hemispheres of the brain may look identieal, they handle different functions. In brief, 
the left hemisphere is the more analytieal side; it focuses on language and the types of reasoning used 
in math and seienee. The right hemisphere is more eoneerned with ereativity and spatial ability. 

In a normal brain, the two hemispheres communicate with eaeh other via the corpus callosum, 
allowing for the smooth integration of information. While neither hemisphere is “dominant,” the left 
hemisphere is usually eonsidered the eategorieal hemisphere, although this varies somewhat with 
hand dominanee. For example, the left hemisphere is dominant for speeeh in 95% of those who are 
right-handed, while the right hemisphere is dominant for speeeh in only 4% of right-handers. In 
eontrast, among left-handers, the right hemisphere is dominant for speeeh in about 15%; the left 
hemisphere, in 70%; and neither, in 15%. 

The following illustration highlights some of the speeializations of eaeh hemisphere. 


Left hemisphere 


Right hemisphere 


• Motor eontrol of 
right side of body 

• Language 

• Analytieal thought 

• Logieal 

• Concrete 

• Seienee and math 



• Motor eontrol of 
left side of body 

• “Big picture” 

• Creativity 

• Emotion 

• Imagination 

• Art and music 







FAST FACT 



Cerebral lateralization, or dominanee, seems to be stronger 
in men than in women. In faet, when the left hemisphere 
is damaged, men are three times as likely to suffer aphasia. 
Although the reason for this isn t eompletely elear, 
seientists speculate that women have more communication 
between their right and left hemispheres. 






















PARTIII Regiilation and Integration of the Body 


Cranìa Nerves 



The brain has 12 pairs of eranial nerves to relay messages to the rest of the body. While still part of the peripheral nervous 
system, these nerves—unlike the spinal nerves—arise direetly from the brain. 

Eaeh eranial nerve is identified by a name (suggestive of its function) as well as a number. Designated by a Roman 
numeral, the nerves are numbered I to XII aeeording to their order, beginning in the anterior portion of the brain. Some 
eranial nerves eontain only sensory fibers, some eontain primarily motor fibers, while others eontain both. 
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Olfaetory nerve (I, sensory) 

• Governs sense of smell 

• Terminates in olfaetory bulbs in the eribriform plate, just above the nasal 
eavity 

• Impairment results in an impaired sense of smell (which may be linked to a 
loss of taste) 

• To test: Ask person to smell substances such as vanilla or eoffee 


Faeial nerve (VII, mixed) 

• Sensory portion eoneerned with taste; motor portion eontrols faeial 
expression and seeretion of tears and saliva 

• Damage causes sagging faeial muscles and a distorted sense of taste 

• To tesf:Check sense of taste on anterior two-thirds of tongue; test ability to 
smile, frown, whistle, and raise eyebrows 


Vestibulocochlear nerve (VIII, sensory) 

• Concerned with hearing and balanee 

• Damage results in deafness, dizziness, nausea, and loss of balanee 

• To test :Test hearing, balanee, and ability to walk a straight line 


Vagus nerve (X, mixed) 

Longest and most widely distributed eranial nerve 

Supplies organs in the head and neek as well as those in the thoraeie and 
abdominal eavities 

Plays key role in many heart, lung, digestive, and urinary functions 

Damage causes hoarseness or loss of voiee and impaired swallowing; 
damage to both vagus nerves ean be fatal 

To test: Perform same tests as those for eranial nerve IX 
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Optie nerve (II, sensory) 

• Concerned with vision 

• Links the retina to the brain's visual cortex 

• Damage causes blindness in part or all of a 
visual field 

• To test: Check visual acuity and peripheral vision 



Oculomotor, troehlear, and abducens nerves 
(III, IV, VI, mainly motor) 

• Regulate voluntary movements of the eyelid and eyeball; 
oculomotor also eontrols pupil eonstrietion 

• Damage ean cause drooping eyelid, dilated pupil (oculomotor 
only), inability to move eye in some direetions, double vision 

• To test: inspeet size, shape, and reaetion of pupils; eheek eye 
movements and ability to follow moving objeet 




Trigeminal nerve (V, two sensory and one mixed 
braneh) 


• Sensory branehes (ophthalmie and maxillary) sense touch, 
temperature, and pain on the eye, faee, and teeth; mixed braneh 
(mandibular) eontrols chewing and deteets sensations in the 
lower jaw 

• Ophthalmie braneh triggers the eorneal reflex: blinking in 
response to a light touch on the eyeball 

• Damage to the sensory branehes causes loss of sensation in 
upper faee; damage to mixed braneh results in impaired chewing 
and loss of sensation in jaw 

• To test: Lightly touch eyeball with eotton swab to eheek eorneal 
reflex; evaluate sense of touch, pain, and temperature with pin as 
well as hot and eold objeets; evaluate ability to open mouth and 
move jaw side to side 
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Glossopharyngeal nerve (IX, mixed) 

• Motor fibers govern tongue movements, swallowing, and gagging 

• Sensory fibers handle taste, touch, and temperature from the 
tongue; also eoneerned with regulation of blood pressure 

• Damage causes impaired swallowing, ehoking, and bitter or sour 
taste 

• To test :Test gag reflex, swallowing, and coughing; eheek taste on 
posterior one-third of tongue 



Hypoglossal nerve (XII, mainly motor) 

• Controls tongue movements 

• Damage causes impaired speeeh and swallowing; deviation of 
tongue toward injured side 

• To test: Check for tongue deviation when tongue is protmded 
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Spinal aeeessory nerve (XI, mainly motor) 

• Controls movement in the head, neek, and shoulders 

• Damage impairs movement of the head, neek, and shoulders 

• To test: Check ability to rotate head and shrug shoulders against 
resistanee. 
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A number ofdifferent mnemonie deviees have evolved over 
theyears to aid in the memorization ofthe eranial nerves. 
Here's a eommon one, in vvhieh the first letter ofeaeh word 
represents the name ofa eranial nerve, in order: 



Cranial Nerve Mnemonie 


Mnemonie 

Nerves 

On 

• Olfaetory (1) 

Old 

• Optie (II) 

Olympus' 

• Oculomotor (III) 

Towering 

• Troehlear (IV) 

Top, 

• Trigeminal (V) 

A 

• Abducens (VI) 

Friendly 

• Faeial (VII) 

Viking 

• Vestibulocochlear (VIII) 

Grew 

• Glossopharyngeal (IX) 

Vines 

• Vagus (X) 

And 

• Aeeessory (XI) 

Hops. 

• Hypoglossal (XII) 



Most eranial nerves transmit impulses to reeeptors 
on the same side of the body. Consequently, a lesion 
on one side of the brainstem will produce sensory or 
motor symptoms on the same side of the body. 
(Exceptions are the optie and troehlear nerves.) 


FAST FACT 


Brain swelling from an injury or tumor ean cause 
pressure on the oculomotor nerve. This will interfere 
with the ability of the pupils to respond to light, 
which is why a patient’s pupils are eheeked following 
a head injury. 


Life lesson: Cranial nerve disorders 

Inflammation of the trigeminal nerve ean cause trigeminalneuralgia, or tie douloureux. In this disorder, such 
things as eating, drinking, tooth brushing, shaving—or even ehanges in temperature—ean trigger brief episodes 
of intense pain. Although the pain lasts only a few seeonds, it strikes frequently at unpredictable times. Severe 
eases may require surgery to sever the trigeminal nerve. This stops the attaeks of pain, but it also leads to 
numbness of the faee, sealp, teeth, and conjunctiva on the afflieted side. 

In Bell'spalsy, dysfunction of thefaeial nerve causes paralysis of thefaeial muscles on one side. Consequently, 
the muscles on one side of the faee sag, the eyelid droops, and that side of the faee shows no expression. The 
cause of BelTs palsy is often unclear, although infeetion by a virus is suspected. Other possible causes include 
Lyme disease or a middle ear infeetion.The eondition usually resolves in 3 to 5 weeks. 











The aiitonomie nervous system (ANS) is a subdivision of the nervous system responsible for regulating the aetivities that 
maintain homeostasis. These aetivities include such things as the seeretion of digestive enzymes, the eonstrietion and 
dilation of blood vessels for the maintenanee of blood pressure, and the seeretion of hormones. Most of these aetivities occur 
without your awareness or eontrol; in other words, they happen independently, or autonomously , which is how the ANS 
reeeived its name. 

The ANS sends motor impulses to eardiae muscle, glands, and smooth muscle (as opposed to skeletal muscle, which is 
innervated by the peripheral nervous system). Because the ANS targets organs, it’s sometimes ealled the viseeral motor 
system. 



Viseeral Ref exes 


The ANS asserts eontrol through viseeral reflexes —similar to somatie reflexes discussed earlier, but, instead of affeeting a 
skeletal muscle, these reflexes affeet an organ. While the following illustration shows the viseeral reflex are responsible for the 
regulation of blood pressure, all viseeral reflexes follow similar steps. 


ANIMATION 0 



Reeeptors deteet a ehange in body 
eonditions. 


In this instanee, pressure reeeptors in the 
earotid artery, ealled baroreeeptors, deteet 
a rise in blood pressure. 


Afferent neurons transmit informa- 
tion about this ehange to the CNS. 


The glossopharyngeal nerve relays this 
information to the medulla oblongata. 


The brain proeesses this information 
and transmits a signal along an 
efferent nerve. 

Here, the vagus nerve sends a signal to the 
heart's paeemaker to slow its rate. 


The effeetor organ reeeives the 
message and responds. 


The heart rate slows and the blood 
pressure drops. 
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PARTIII Regiilation and Integration of the Body 





Structure of the Autonomìc Nervous System 


Autonomic motor pathways (both sympathetie and parasympathetie) differ from the somatie motor pathways discussed 
earlier. As previously learned, somatie pathways are structured as follows: 



A single myelinated axon extends from the 


At the target muscle, the neurotransmitter 

The neuron's eell body lies within the CNS 
(either the brain or spinal eord). 


brainstem or spinal eord to a skeletal 

muscle. 


aeetyleholine (ACh) is released to cause 

muscle eontraetion. 




In eontrast, autonomic pathways employ two neurons to reaeh a target organ. 



A myelinated preganglionie neuron 

extends from the brainstem or spinal eord 
to a ganglion. 


In the ganglion, it synapses with a 

postganglionie neuron; here, the 
neurotransmitter ACh is released. 


The axon of the unmyelinated 
postganglionie neuron extends to the 
target organ. Here, the neurotransmitter 
released varies: parasympathetie fibers 
release ACh while sympathetie fibers 
release norepinephrine (NE). 


Comparison of Somatie and Autonomic Nervous Systems 

Somatie Autonomic 

• Innervates skeletal muscle • Innervates glands, smooth muscle, and eardiae muscle 

• Consists of one nerve fiber leading from CNS to target (no ganglia) • Consists of two nerve fibers that synapse at a ganglion before reaehing target 

• Seeretes neurotransmitter aeetyleholine • Seeretes both aeetyleholine and norepinephrine as neurotransmitters 

• Has an excitatory effeet on target eells • May excite or inhibit target eells 

• Operates under voluntary eontrol • Operates involuntarily 
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Divisions of the Autonomic Nervous System 



The ANS eonsists of two divisions: the sympathetie division and the parasympathetie division. These two divisions have 
separate neural pathways and perform different functions; however, they often both innervate the same organ. 

The sympathetie division prepares the body for physieal aetivity. It’s also the system that’s ealled into play during times of 
extreme stress, anger, or fear. Because this division prepares someone to fight or flee from danger, its effeets are ealled the 
“fight or flight” reaetion. In eontrast, the parasympathetie division has a ealming effeet on body functions. The following 
ehart eontrasts some of the effeets of these two systems. 



Sympathetie Division 

inereases alertness 
inereases heart rate 

Dilates bronehial tubes to inerease air flow in the lungs 


Parasympathetie Division 

Has a ealming effeet 
Deereases heart rate 

Constricts bronehial tubes to deerease air flovv in lungs 


Dilates blood vessels of skeletal muscles to inerease blood flow • Has no effeet on blood vessels of skeletal muscles 


Inhibits intestinal motility 

Stimulates seeretion of thiek salivary mucus 

Stimulates sweat glands 

Stimulates adrenal medulla to seerete epinephrine 
Has no effeet on the urinary bladder or internal sphineter 


Causes "fight or flight" response 


Stimulates intestinal motility and seeretion to promote digestion 
Stimulates seeretion of thin salivary mucus 
Has no effeet on sweat glands 
Has no effeet on adrenal medulla 

Stimulates the bladder wall to eontraet and the internal sphineter to relax to 
cause urination 

Causes the"resting and digesting"state 



That Makes Sense 

To remember the effeets ofthe sympathetie division 
oftheANS, thinkaboiitatime whenyou were really 
angry or seared. Howdidyou feel? Most likelyyour 
heart pounded;you took deep, rapid breaths;your 
palms sweated;your pupils dilated;your mouth felt 
dry. These symptoms illustrate the "fight or flight" 
response ofthe sympathetie division, all ofwhich 
are designed to promote energy use by the skeletal 
muscles. 
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The Body AT WORK 

Both the sympathetie and parasympathetie divisions of 
theANS work at the same time, providing a background 
level ofaetivity ealled autonomic tone. The balanee 
between sympathetie and parasympathetie aetivity 
eonstantly ehanges depending on the body's needs: 
during times ofaetivityorstress, the sympathetie 
division dominates; at rest, parasympathetie aetivity 
takes eenterstage. 

However, neither the sympathetie nor 
parasympathetie divisions everstops working eompletely. 
Forexample, daring a time ofrest, the parasympathetie 
division is primarily aetive. However, even then, the 
sympathetie division eonstantly stimulates the blood 
vessels, keeping them partiallyeonstrieted so as to 
maintain bloodpressare. ifsympathetie stimulation 
were to stop, blood pressure would drop drastieally and 
the person would go into shoek. 
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PARTIII Regiilation and Integration of the Body 




The Sympathetie Division 

The sympathetie division is also ealled the thoracolumbar division 
beeatise it arises from the thoraeie and lumbar regions of the spinal eord 


ANIMATION0 


Sympathetie preganglionie neurons begin within the spinal 
eord. 


From the eell bodies, myelinated fibers reaeh to 
sympathetie ganglia, most of which exist in ehains along 
both sides of the spinal eord (even though the illustration 
here depiets the ganglia only along one side). Because the 
ganglia lie elose to the spinal eord, the preganglionie 
neurons are short. 


Not all preganglionie neurons synapse in the first ganglion 
they encounter. Some travel up or down the ehain to 
synapse with other ganglia at different levels. Others pass 
through the first ganglion to synapse with another 
ganglion a short distanee away. 


Llnmyelinated postganglionie fibers leave the ganglia and 
extend to the target organs. Postganglionie fibers tend to 
be long. 
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The Body AT WORK 

Rather than synapsing with a single 
postganglionie nearon, eaeh 
preganglionie nearon ofthe sympathetie 
division branehes and synapses with 
miiltiple postganglionie neurons. 

This arrangement allows one 
preganglionie nearon to excite multiple 
postganglionie neurons simultaneously. 
That's why the sympathetie division ean 
ignitesuch an immediate, widespread 
response, such as whatoccurs during 
"fightorflight." 


The Adrenal Glands 

The adrenal glands—triangular-shaped 
glands perehed on the tops of eaeh 
kidney—play a role in the function of the 
sympathetie nervous system. Sympathetie 
preganglionie fibers pass through the 
outer cortex of the adrenal gland and 
terminate in the eenter, which is ealled the 
adrenal medulla. When stimulated, the 
adrenal medulla seeretes the hormone 
epinephrine (along with small amounts of 
norepinephriné) into the bloodstream. 
Epinephrine, as well as norepinephrine, 
ean bind to the reeeptors of sympathetie 
effeetors, which helps prolong the 
sympathetie response. 
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The Parasympathetie Division 

The neurons of the parasympathetie division arise from the brain and the saeral region of the spinal eord—which is why this 
division of the ANS is also ealled the eraniosaeral division. 


Parasympathetie fibers leave the brainstem by joining one of the 

follovving eranial nerves: 

• Oculomotor nerve (III): Parasympathetie fibers earried in this 
nerve innervate the eiliary muscle, vvhieh thiekens the lens of 
the eye, and the pupillary eonstrietor, vvhieh eonstriets the pupil. 

• Faeial nerve (VII):These parasympathetie fibers regulate the 
tear glands, salivary glands, and nasal glands. 

• Glossopharyngeal nerve (IX):The parasympathetie fibers 
earried in this nerve trigger salivation. 

• Vagus nerve (X):This nerve earries about 90% of all 
parasympathetie preganglionie fibers. It travels from the brain 
to organs in the thoraeie eavity (including the heart, lungs, and 
esophagus) and the abdominal eavity (such as the stomaeh, 
liver, kidneys, panereas, and intestines). 

Parasympathetie fibers leave the saeral region by vvay of pelvie 

nerves and travel to portions of the eolon and bladder. 


Llnlike the ganglia of the sympathetie division, the ganglia of the 
parasympathetie division reside in or near the target organ. As a 
result, the preganglionie fibers of the parasympathetie division 
are long vvhile the postganglionie fibers are short. 

Because the ganglia are more vvidely dispersed, the 
parasympathetie division produces a more loealized response 
than that of the sympathetie division. 



Pelvie nerves 
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Comparison of Sympathetie and Parasympathetie Divisions 



Sympathetie 

Parasympathetie 

• Originates in thoracolumbar region 

• Originates in eraniosaeral region 

• Ganglia lie in ehain alongside spinal eord 

• Ganglia lie in or neartarget organs 

• Has short preganglionie and long postganglionie fiber 

• Has long preganglionie and short postganglionie fiber 

• Employs mostly norepinephrine as a neurotransmitter 
(oeeasionally uses aeetyleholine) 

• Employs aeetyleholine as a neurotransmitter 

• Produces vvidespread, generalized effeets 

• Produces loeal effeets 
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PART III Regiilation and Integration of the Body 



The two divisions of the ANS tend to exert opposite effeets. For example, the sympathetie division inereases the heart rate while 
the parasympathetie division slows it down. However, that’s not always the ease. For example, the sympathetie division triggers 
dilation of blood vessels leading to skeletal muscles, but it also eonstriets blood vessels leading to most organs. 

Two faetors determine the effeet of eaeh division: the neurotransmitter released and the type of reeeptor on the target eells. 


Neurotransmitters 

The ANS employs two different neurotransmitters: aeetyleholine (ACh) and norepinephrine (NE). Fibers that seerete 
2 s:tVf\choline are ealled eholinergie fìbers. Fibers that seerete NE (sometimes ealled no radrenaliné) are ealled adrenergie 
fìbers. 


Cholinergic Fibers 

Adrenergie Fibers 

lnclude the preganglionie fibers of both the sympathetie and 

lnclude most (but not all) of the postganglionie fibers of the 

parasympathetie divisions 

sympathetie division 

lnclude the postganglionie fibers of the parasympathetie 

• Seerete norepinephrine 

division 


• Seerete aeetyleholine 







The Body AT WORK 

The effeets ofthe parasympathetie division tend to be short ìived, vvhile the effeets ofthe sympathetie division last 
much longer. The differenee in the length ofthese responses is linked to the speed vvith vvhieh the neurotransmitter is 
broken dovvn after its release. 

For example, onee ACh is released into the synaptie eleft, it's quickly broken dovvn by the enzyme 
aeetyleholinesterase (AChE). As a result, the parasympathetie division exerts only short-term effeets. 

In eontrast, NE—the neurotransmitter released only by postganglionie sympathetie fibers—may be disposed of 
byone ofthree methods, none ofvvhieh are as rapid as the breakdovvn ofACh. Some NE is reabsorbed by the nerve 
fiber (vvhere it is either reased or broken dovvn by the enzyme monoamine oxidase [MAO]); some ofit is also absorbed 
by the surrounding tissue (vvhere it is broken dovvn by another enzyme). In addition, some ofthe NE may be absorbed 
by the bloodstream and earried throughout the body, furtherprolonging the effeets ofthe sympathetie division. 



That Makes Sense 

Remember: In allpathvvays, preganglionie fibers are 
eholinergie and seerete aeetyleholine. Most sympathetie 
postganglionie fibers are adrenergie. (See the diagram at 
the end ofthe ehapter for a elear example ofthis complex 
proeess.) 


FAST FACT 


Reeent researeh has shown that neurotransmitters 
other than norepinephrine and aeetyleholine ean 
bind to autonomic reeeptors—thus opening the 
door for the development of new medieations. 



















Reeeptors 

After being released, the netirotransmitters bind to reeeptors on the effeetor eells of the target organs. In brief, ACh binds to 
eholinergie reeeptors and NE binds to adrenergie reeeptors. However, within these two eategories of reeeptors are several 
subtypes of reeeptors; it’s these different types of reeeptors that determine the effeet produced by a neurotransmitter. 

To illustrate the importanee of the type of reeeptor, eonsider the faet that the sympathetie division seeretes NE to 
eonstriet the blood vessels of the skin and also to dilate the blood vessels of skeletal muscles. Likewise, the parasympathetie 
division seeretes ACh to eontraet the bladder wall and also to relax the internal urethral sphineter. These opposite effeets 
occur then, not because of the neurotransmitter, but because of the reeeptor. 

eholinergie Reeeptors 

Aeetyleholine may bind to one of two different types of reeeptors: 


Nieotinie Reeeptors 

• These reeeptors occur vvithin the ganglia of the ANS, in the 
adrenal medulla, and in the neuromuscular junction. 

• All eells vvith nieotinie reeeptors are excited by ACh. 


Muscarinic Reeeptors 

• These reeeptors occur on the glands, smooth muscle, and eardiae 
muscle eells of the organs innervated by eholinergie fibers. 

• Cells vvith muscarinic reeeptors exhibit a variable response to 
ACh: some are excited vvhile others are inhibited. (This variable 
response occurs because several subtypes of muscarinic 
reeeptors exist.) 

• This variable response allovvs ACh to stirrmlate intestinal 
smooth muscle vvhile inhibiting eardiae muscle. 


Adrenergie Reeeptors 

There are also two basie types of adrenergie reeeptors: 

alpha- (a-) adrenergie reeeptors and beta- (p-) adrenergie 
reeeptors. The following prineiples are true most of the time: 

• Cells with a-adrenergie reeeptors are excited by NE. 

• Cells with fi-adrenergie reeeptors are inhibited by NE. 

To illustrate, the binding of NE to a-adrenergie reeeptors 
in blood vessels causes the blood vessels to eonstriet. Arteries 
that supply blood to the heart and skeletal muscles eontain 
(3-adrenergie reeeptors. The binding of NE to these reeeptors 
causes the vessels to dilate. 

(Be aware, however, that both alpha and beta reeeptors 
eontain subtypes—alpha-1 [aj, alpha-2 [a 2 ], beta-1 [(3 1 ], and 
beta-2 [p 2 ]—which ean cause exceptions to these prineiples.) 


FAST FACT 


A group of drugs ealled beta bloekers bind to 
beta reeeptors, effeetively “bloeking” 
norepinephrine and epinephrine from binding 
to those same reeeptors. (Remember that the 
sympathetie nervous system stimulates the 
adrenal medulla to seerete epinephrine, a 
hormone that prolongs the sympathetie 
response.) Bloeking these hormones effeetively 
lessens the sympathetie response, making the 
drugs useful for treating such disorders as high 
blood pressure and irregular heartbeats. 
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Neiirotransmitters and Reeeptors 

The following diagrams summarize the different neurotransmitters and reeeptors of the two divisions of the autonomic 
nervous system. 

Sympathetie Division 
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eholinergie fibers of 
preganglionie neurons 
seerete ACh. 
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ACh binds to 
nieotinie reeeptors 
on postganglionie 
neurons. 


Most postganglionie 
neurons are adrenergie 
and seerete NE. 
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ANIMATION © 
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Oeeasionally, 
postganglionie neurons 
are eholinergie and 
seerete ACh. 
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ACh binds to 
muscarinic reeeptors. 


Parasympathetie Division 



eholinergie fibers of 
preganglionie neurons 
seerete ACh. 
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The Body AT WORK 

Mostorgans reeeive nerve fibers from both the 
sympathetie andparasympathetie divisions. This 
is ealled dual innervation. Typieally the effeets of 
the two divisions oppose one other. For examp!e, 
the sympathetie division inereases heart rate, 
while the parasympathetie division slows it down; 
also, the sympathetie division dilates pupils, while 
the parasympathetie division eonstriets them. 

Sometimes, though, the effeets ofthe two 
divisions eomplement eaeh other to produce a 
desired effeet. Forexample, parasympathetie 
division stimulates salivary glands to produce a 
thin seeretion eontaining enzymes while the 
sympathetie division stimulates the production of 
thiek mucus; both ofthese substances are needed 
to make saliva. 



FAST FACT 


Sympathetie fibers cause both blood vessel 
eonstrietion and dilation. They do this by altering 
their frequency of firing. An inerease in firing causes 
blood vessels to eonstriet; a deerease in firing results 
in dilation. This allows the sympathetie division to 
regulate blood pressure and blood flow without any 
help from parasympathetie fibers. 


Life lesson: Medieations and the nervous system 

A niimber of drugs work by enhaneing or inhibiting the effeets of neurotransmitters. Following are some of the 
major elassifieations of these types of drugs: 

• Sympathomimetics:These drugs enhanee sympathetie aetion by either promoting the release of epinephrine 
or stinrmlating adrenergie reeeptors. A eommon example is phenylephrine, a drug found in many eold 
remedies. This drug stimulates a^ reeeptors, which dilates the bronehial tubes (to ease breathing) and 
eonstriets blood vessels in the nose (to ease nasal eongestion). 

• Sympatholyties: These drugs bloekthe effeets of epinephrine and norepinephrine, primarily by inhibiting 
adrenergie reeeptors. This elass of drug is often used to treat high blood pressure: bloekíng a-adrenergie 
reeeptors causes the blood vessels to dilate and blood pressure to fall. 

• Parasympathomimeties: These drugs—also ealled eholinergies—stinrmlate or mimie the parasympathetie 
division. They do this by either stimulating the nieotinie or muscarinic reeeptors or by inhibiting 
aeetyleholinesterase (the enzyme that breaks down ACh). One such drug is physostigmine, which is used to 
treat glaucoma (inereased pressure in the eye) and delayed gastrie emptying. 

• Parasympatholyties: Also ealled antieholinergies, these drugs inhibit ACh release or bloek its reeeptors to 
reduce the aetivity of the parasympathetie division. Because one of its effeets is to dilate the bronehiole tubes 
in the lungs, this elass of drug may be used to treat asthma. 


Life lesson: Changes with aging 

The type and degree of age-related ehanges in the brain and nervous system varies from one individual to the 
next. Some experience signifieant nerve degeneration while others have few ehanges. In general, most people 
experience slight slowing of thought and memory as the speed of nerve conduction slows. Other possible ehanges 
include reduced reflexes or sensation, leading to problems with safety. 

Dementia and severe memory loss are not a normal part of aging. When they occur, they often signal 
underlying disease. Illnesses not related to the brain, however, ean cause ehanges in thinking and behavior. For 
example, an infeetion or unregulated blood glucose levels ean cause severe confusion. 

Some evidenee suggests that both physieal and mental exercise (such as reading, doing crossword puzzles, and 
engaging in stimulating eonversations) ean help keep thinking sharp. 
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Review of Key Terms 




Aetion potential: Nerve impulse 

Adrenergie fibers: Nerve fibers that 
seerete norepinephrine 

Afferent neuron: Sensory nerve that 
earries impulses toward the eentral 
nervous system 

Alpha-adrenergie reeeptors: Reeeptors 
to norepinephrine that generally 
produce an excitatory response 

Autonomic nervous system: 

Subdivision of the nervous system 
responsible for regulating aetivities 
that maintain homeostasis; also ealled 
viseeral motor system 

Axon: Fiber extending from a neurons 
eell body that conducts impulses 

Beta-adrenergie reeeptors: Reeeptors to 
norepinephrine that generally produce 
an inhibitory response 

Brainstem: Stem-like portion of the 
brain that eonneets the eerebral 
hemispheres to the spinal eord; 
eonsists of the midbrain, pons, and 
medulla oblongata 

Central nervous system: Portion of the 
nervous system eonsisting of the brain 
and spinal eord 

Cerebellum: Portion of the brain 
responsible for eoordination of 
voluntary movement and balanee 

Cerebral cortex: The surface of the 
cerebrum eonsisting of a thin layer of 
gray matter 

Cerebrospinal fluid: Clear, eolorless 
fluid that fills the brain’s ventrieles 
and eentral eanal and also bathes the 
outside of the brain and spinal eord 

Cerebrum: Largest portion of the brain 

eholinergie fibers: Nerve fibers that 
seerete aeetyleholine 


Cranial nerves: Nerves of the peripheral 
nervous system that arise direetly 
from the brain (instead of from the 
spinal eord) 

Dermatome: A speeifie area of the skin 
innervated by a spinal nerve 

Efferent neuron: Motor nerve that 
earries impulses away from the eentral 
nervous system 

Epidural spaee: Small spaee between 
the outer eovering of the spinal eord 
and the vertebrae 

Frontal lobe: Portion of the eerebmm 
responsible for deeision making, 
reasoning, memory, and voluntary 
movements 

Gray matter: Nervous tissue eontaining 
mostly eell bodies of motor neurons 
and interneurons 

Hypothalamus: The bottom half of the 
dieneephalon of the brain, which is 
responsible for many vital body 
functions 

Limbie system: Complex set of 
structures in the brain responsible 
for emotion and learning 

Medulla oblongata: Attaehes brain to 
spinal eord; eontains eenters that 
govern heart rate, blood pressure, and 
breathing 

Meninges: Layer of fibrous eonneetive 
tissue eovering the brain and spinal 
eord 

Mixed nerve: Nerve that eontains both 
sensory and motor fibers 

Muscarinic reeeptors: Reeeptors to 
aeetyleholine on target eells that 
exhibit a variable response 

Myelin: Fatty sheath eneasing the 
axons of many neurons; formed by 
Schwann eells in the peripheral 
nervous system and oligodendroeytes 
in the eentral nervous system 


Nerve: A bundle of neurons that 
transmits impulses between the brain 
and spinal eord and the rest of the 
body 

Neuroglia: Cells in the nervous system 
that support neurons but do not 
conduct impulses 

Neurons: Nervous system eells that 
conduct impulses 

Nieotinie reeeptors: Reeeptors to 
aeetyleholine on target eells that 
produce an excitatory response 

Oeeipital lobe: Portion of the eerebmm 
responsible for analyzing and 
interpreting visual information 

Parasympathetie division: Division of 
the autonomic nervous system that 
primarily has a ealming effeet; also 
ealled eraniosaeral division 


Parietal lobe: Portion of the eerebmm 
eoneerned with bodily sensations and 
proprioeeption 


Peripheral nervous system: Portion of 
the nervous system eonsisting of the 
network of nerves throughout the 
body 


Plexus: A network of nerves 


Polarization: The eleetrieal state of a 
eell membrane that has an excess of 
positive ions on one side of the 
membrane and an excess of negative 
ions on the other 


Reflex are: A neural circuit that 
bypasses regions of the brain where 
conscious deeisions are made 

Somatie reflex: Reflex involving 
eontraetion of a skeletal muscle after 
being stimulated by a somatie motor 
neuron 

Sympathetie division: Division of the 
autonomic nervous system responsible 
for a fight or flighf ’ response; also 
ealled thoracolumbar division 







Synapse: Spaee between the junction 
of two neurons in a neural pathway 

Temporal lobe: Portion of the brain 
responsible for hearing, smell, and 
visual reeognition 


Traets: Bundles of axons in the 
spinal eord that serve as routes of 
communication to and from the brain 

Viseeral reflexes: Reflex of the 
autonomic nervous system affeeting 
organs 


White matter: Nervous tissue 
eontaining bundles of axons that 
earry impulses from one part of the 
nervous system to another 
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To make the information in this ehapter part of your 
working memory, take some time to refleet on what youve 
learned. On a separate sheet of paper, write down 
everything you reeall from the ehapter. After you’re done, 
log on to the Davis/ 5 /^ website, and eheek out the Study 
Group podeast and Study Group Questions for the ehapter. 

Key Topies for Ohapter 10: 

• Divisions of the nervous system 

• Types of eells found in the nervous system 

• Neuron structure 

• The repair of nerve fibers 

• Impulse conduction in both myelinated and unmyelinated 
nerve fibers 

• Synapse structure and fìmetion 

• The structure of the spinal eord 

• Spinal traets 

• Spinal nerves 

• Somatie reflexes 

• Divisions of the brain 

• Structure and fìmetion of the meninges 


• Creation and circulation of eerebrospinal fluid 

• Divisions of the brain, including the brainstem, 
cerebellum, dieneephalon, and eerebmm 

• The limbie system 

• Sensory and motor fìmetions of the eerebral cortex 

• Regions of the brain responsible for language and speeial 
senses 

• Types of brain waves as related to different stages of sleep 

• Brain regions involved in memory 

• The relationship between the right and left hemispheres 

• Cranial nerves 

• Viseeral reflexes 

• The structure and fìmetion of the autonomic nervous 
system 

• The structure and fìmetion of the sympathetie and 
parasympathetie divisions of the autonomic nervous 
system 

• The neurotransmitters and reeeptors employed by the 
autonomic nervous system 

• The effeets of the sympathetie and parasympathetie 
nervous systems on target organs 
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Ansivers: Chapter 10 

1. Correct answer: b. Neuroglia are nervous system 
eells that proteet neurons. Mieroglia are a type of 
neuroglia that perform phagoeytosis and engulf 
mieroorganisms and debris. Ependymal eells line 
the spinal eord and eavities in the brain and 
seerete eerebrospinal fluid. 

2. Correct answer: e. The brain requires a large supply 
of blood to function. The blood supply to the 
brain is not separate from the blood supplied to 
the rest of the body. Cerebrospinal fluid follows its 
own circulatory route and is eventually reabsorbed 
into the venous system; it has nothing to do with 
the blood-brain barrier. 

3. Correct answer: e. Efferent neurons are motor 
neurons; these relay messages from the brain to 
muscles and gland eells. Interneurons are found 
only in the CNS; they eonneet ineoming sensory 
pathways with outgoing motor pathways. 

Schwann eells wrap around the axons of many 
peripheral nerves to form the myelin sheath. 

4. Correct answer: d. Resting potential is the phase in 
which the neuron is resting but has the potential 
to reaet. Aetion potential is when the neuron 
beeomes aetive and conducts an impulse along an 
axon. Repolarization is when the nerve eell 
restores its eleetrieal balanee in preparation for a 
new stimulus. While a neuron won’t neeessarily 
reaet to an impulse during aetion potential and 
repolarization, the most eorreet answer is the 
refraetory period, because, although the membrane 
is polarized, the eell won’t reaet to a new imptilse 
until sodium and potassium have been restored to 
their rightful sides of the membrane. 

5. Correct answer: a. Spinal nerves earry both sensory 
and motor fibers, making them eapable of 
transmitting impulses both to and from the CNS. 
Spinal nerves regulate voluntary fftnetion, not 
autonomic fftnetion; they are not part of the 
autonomic nervous system. 

6. Correct answer: e. The phrenie nerve is part of the 
eervieal plexus and innervates the diaphragm. The 
axillary nerve is part of the braehial plexus and 
leads into the arm. The femoral nerve is derived 
from the lumbar plexus and supplies the thigh and 
leg. 

7. Correct answer: e. CSF nourishes the brain by 
providing glucose and protein and removing 
metabolie wastes. An adult brain eontains about 
140 ml of CSF; the brain monitors levels of 
earbon dioxide; CSF continually circulates 
through the eentral nervous system. 

8. Correct answer: b. The pons eontains traets that 
eonvey signals to and from different parts of the 
brain; it’s also the site where several eranial nerves 
originate. The midbrain eontains eenters for 
auditory and visual reflexes as well as neurons 
essential for motor eontrol. The cerebellum plays a 
key role in motor fftnetions as well as in sensory 
and emotional fftnetions. 

9. Correct answer: d. The thalamus is the gateway 
for nearly all sensory impulses. The limbie 
system is the seat of emotion and learning. The 
eerebral cortex is the gray matter eovering the 
surface of the brain; it handles the eerebmm’s 
functions, which include thought, reasoning, 
judgment, and memory. 


1. The impulse-conducting eells of 
the nervous system are ealled: 

a. neuroglia. 

b. neurons. 
e. mieroglia. 

d. ependymal eells. 

2. What is the blood-brain barrier? 

a. It’s a membrane surrounding 
the brain that keeps blood 
from penetrating brain tissue. 

b. Ifs a membrane surrounding 
the brain that keeps the blood 
in the brain separate from the 
blood in the rest of the body. 

e. It’s a semi-permeable membrane 
that permits small molecules 
like oxygen and earbon dioxide 
to diffuse aeross to the brain 
but bloeks larger molecules. 

d. Its a semi-permeable membrane 
that prevents eerebrospinal 
fluid from leaving the brain 
and entering the bloodstream. 

3. Which neurons deteet sensations 
such as touch or heat and then 
relay information about the 
stimuli to the eentral nervous 
system? 

a. Efferent neurons 

b. Interneurons 

e. Afferent neurons 

d. Schwann eells 

4. A nerve eell in which phase 
eannot respond to a new 
stimulus? 

a. Resting potential 

b. Aetion potential 

e. Repolarization 

d. Refraetory period 

5. Which statement regarding 
spinal nerves is true? 

a. Spinal nerves are mixed nerves, 
eontaining both sensory and 
motor fibers, making it eapable 
of transmitting impulses in 
two direetions. 


b. Spinal nerves are primarily 
motor nerves, responsible 
for transmitting impulses to 
skeletal muscles. 
e. Spinal nerves are primarily 
sensory nerves, responsible for 
transmitting sensations from 
the muscles to the brain and 
spinal eord. 

d. Spinal nerves are a ehief 
eomponent of the autonomic 
nervous system and are 
responsible for eontrolling 
autonomic functions. 

6 . Which key nerve is part of the 
saeral plexus? 

a. Phrenie nerve 

b. Axillary nerve 

e. Seiatie nerve 

d. Femoral nerve 

7. Which statement about 
eerebrospinal fluid (CSF) is true? 

a. An adult’s brain eontains about 

500 ml of CSF. 

b. The brain monitors the level 
of oxygen in CSF. 

e. CSF furnishes the brain with 
glucose and protein. 

d. CSF remains relatively 
stagnant within the eerebral 
eavity. 

8 . Which portion of the brain 
eontains eenters responsible for 
such vital functions as heart rate, 
breathing, and blood pressure? 

a. Pons 

b. Medulla oblongata 

e. Midbrain 

d. Cerebellum 

9. Which brain structure influences 
nearly every organ and exerts 
eontrol over the autonomic 
nervous system and pituitary 
gland? 

a. Thalamus 

b. Fimbie system 

e. Cerebral cortex 
d. Hypothalamus 
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10. Correct ansiver: a. The parietal lobe handles the 
awareness of one’s body parts; an injtiry here may 
cause someone to ignore objeets on one side of the 
body, even his own arm or leg. The temporal lobe 
governs hearing and memory; an injury here may 
impair the ability to identify familiar objeets. The 
oeeipital lobe is eoneerned with analyzing and 
interpreting visual information; an injury here 
would affeet the ability to see. 

11 . Correct answer: d. Neurons in the preeentral gyrus 
send impulses through the motor traets in the 
brainstem and spinal eord to skeletal muscles. 
Wernicke’s area (in the left temporal lobe) and 
Broea’s area (in the left frontal lobe) are both 
eoneerned with language: Wernicke’s area 
formulates the words into phrases that eomply 
with learned grammatieal rules; Broea’s area plans 
the muscle movements required to form the words 
and sends the appropriate impulses to the primary 
motor cortex. 

12. Correct answer: e. The glossopharyngeal nerve 
governs tongue movements, swallowing, and 
gagging. The hypoglossal nerve eontrols tongue 
movements. The vestibulocochlear nerve is 
eoneerned with hearing and balanee. 

13. Correct answer: a. The olfaetory nerve governs the 
sense of smell. The optie nerve is eoneerned with 
vision (not pupillary response). The faeial nerve is 
eoneerned with taste as well as faeial expression. 

14. Correct answer: d. All the other statements are 
eharaeteristies of the autonomic nervous system. 

15. Correct answer: b. All of the other aetions listed 
ean be attributed to the sympathetie division. 

16. Correct answer: e. Adrenergie fibers seerete 
norepinephrine. Cholinergic fibers include the 
preganglionie fìbers of both the sympathetie and 
parasympathetie divisions as well as the 
postganglionie fibers of the parasympathetie 
division. 

17. Correct answer: e. The amount of neurotransmitter 
would influence the strength of a response, but 
not the type of response. The effeet produced does 
vary aeeording to the type of neurotransmitter; 
however, the same neurotransmitter bound to a 
different reeeptor will have a different response. 
Therefore, it’s the reeeptor, not the neurotransmitter, 
that ultimately determines the response. If the 
reeeptors are bloeked (thus deereasing the number 
available), then the strength of the response would 
be diminished. 


10. An injury to which part of the 
brain may result in a severe 
personality disorder and cause 
soeially inappropriate behavior? 

a. Frontal lobe 

b. Parietal lobe 
e. Temporal lobe 

d. Oeeipital lobe 

11. Which area of the brain reeeives 
impulses of heat, eold, and touch 
from reeeptors all over the body 
and is, therefore, known as the 
primary somatie sensory area? 

a. Preeentral gyrus 

b. Wernicke’s area 

e. Broeas area 

d. Posteentral gyrus 

12. Which eranial nerve supplies 
most of the organs in the 
thoraeie and abdominal eavities 
as well as those in the head and 
neek? 

a. Glossopharyngeal 

b. Hypoglossal 

e. Vagus 

d. Vestibulocochlear 

13. Brain swelling from a head injury 
ean eompress this nerve and 
interfere with the ability of the 
pupils to reaet to light. 

a. Oculomotor 

b. Olfaetory 

e. Optie 

d. Faeial 

14. Which of the following is a 
eharaeteristie of the somatie 
nervous system? 

a. It innervates glands, smooth 
muscle, and eardiae muscle. 

b. It eonsists of two nerve fìbers 
that synapse at a ganglion be- 
fore reaehing a target organ. 


e. It seeretes both aeetyleholine 
and norepinephrine. 

d. It operates under voluntary 
eontrol. 

15. Which of the following is one of 
the aetions of the parasympathetie 
division of the autonomic 
nervous system? 

a. inereases heart rate 

b. Constricts bronehial tubes 

e. Stimulates sweat glands 

d. Inhibits intestinal motility 

16. Which of the following 
statements eorreetly deseribes 
eholinergie fìbers? 

a. Cholinergic fibers seerete 
norepinephrine. 

b. Cholinergic fìbers include 
the postganglionie fibers of 
the sympathetie and 
parasympathetie divisions. 

e. Cholinergic fibers seerete 
aeetyleholine. 

d. Cholinergic fìbers include the 
preganglionie fibers of the 
parasympathetie division only. 

17. The effeet produced by a 
neurotransmitter (such as 
whether it eonstriets or dilates 
blood vessels) is ultimately 
determined by: 

a. the amount of neurotransmitter 
released. 

b. the type of neurotransmitter 
released. 

e. the type of reeeptor. 

d. the mimber of reeeptors. 



. Go to http://davisplus.fadavis.com Keyword: 
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CHAPTER OIJTLINE 

Sensory Reeeptors 
The General Senses 
The Speeial Senses 


LEARNING OUTCOMES 

1. Distinguish between sensory reeeptors and 
sense organs. 

2. List three kinds of information obtained by 
sensory reeeptors. 

3. Name five elassifieations of sensory reeeptors. 

4. Identify two eategories of pain reeeptors. 

5. Summarize the main pain pathway. 

6. Name the five speeial senses. 

7. Speeify the loeation of taste reeeptors and 
deseribe how the sensation of taste occurs. 

8. Identify the loeation of smell reeeptors and 
deseribe howthe sensation of smell occurs. 

9. Deseribe the anatomy of the inner, middle, and 
outer ear. 

10. Explain how hearing occurs. 

11. Discuss how the vestibule and semicircular 
eanals allow the brain to interpret body 
movementand position. 

12. Deseribe theanatomy oftheeyeand its 
aeeessory structures. 

13. Deseribe the structure and function of the 
retina. 

14. Discuss how vision occurs. 

15. Explain how the size of the pupil and curvature 
of the lens affeet vision. 

16. Deseribe the loeation and purpose of rods and 


eones. 



Althotigh human sense organs deteet a vast array of sensations, the 
environment isftill ofphysieal and ehemieal energy beyond our 
eo mp rehension. 

Sense organs allow us to taste our food, see a beautiful sunset, hear music, and feel the touch of another person. But senses 
do more than contribute to our enjoyment of life. For one thing, our senses proteet us from danger: being able to see or hear 
danger, and to feel pain, allows us to avoid injury. Even more importantly, experiencing sensation is vital to our mental 
well-being. In faet, in experiments in which subjects were plaeed in isolation tanks that deprived them of all sensation, the 
subjects soon experienced hallucinations, extreme anxiety, delusions, and panie. 

The five main senses are sight, hearing, taste, smell, and touch; however, the body’s sensory experiences involve more 
than those few. In faet, many of the body’s sensory proeesses take plaee without our awareness. For example, the sensory 
system is integral in maintaining such vital functions as blood pressure, body temperature, and balanee. 




Sensory Reeepto 



Seattered throughout the body are millions of sensory reeeptors. Some of these reeeptors eombine with muscle and tissue to 
form sense organs (such as the eyes, ears, and nose). Most, though, are speeialized nerve eells or nerve endings that deteet 
physieal or ehemieal events outside the eell membrane. 


A sensation begins 
when a reeeptor 
deteets a stimulus. 


If the stimulus is strong enough, the When the impulse arrives at the 

reeeptor causes a sensory neuron to send brain, we may experience a 

an impulse to the brain and spinal eord. sensation, such as a sight or sound. 






The Body AT WORK 

Normally, the brain filters out mostofthe 
stimuli deteeted byreeeptors, keeping them 
belowour level ofavvareness. That's beeaase 
many ofthe stimuli relate to body proeesses 
that operate subconsciously. Also, the filtering 
proeess proteets us from being overwhelmed 
by an overabundance ofstimuli. 


FAST FACT 


One type of energy beyond the seope of human senses is 
eleetrie fields. Fdowever, some fish, such as sharks, have 
eleetroreeeptive organs that allow them to deteet weak 
eleetrieal impulses emitted by the gills of their prey. 




































PARTIII Regiilation and Integration of the Body 









Sensory reeeptors transmit information about the type, the loeation, and the intensity of eaeh sensation. 

Typ e: Eaeh sensory reeeptor responds to a different stimulus; for example, eold reeeptors respond only to eold while light 
reeeptors respond only to light. This allows the nervous system to differentiate between the various sensations. 

Loeation: Eaeh sensory neuron responds to stimuli in a eertain area, ealled a reeeptive field. Therefore, when a particular 
neuron earries a stimulus to the brain, the brain knows where the stimulus originated. This is known as sensory 
projeetion. Sensitive areas of the body, such as the tips of the fìngers, eontain a dense population of reeeptors. Because 
eaeh neuron eovers a tiny territory, the brain ean pinpoint the loeation of a stimulus. In less sensitive areas, such as the 
baek, a single neuron eovers a much larger territory. Consequently, the brain ean only identify that a stimulus occurred in 
that area; it ean’t pinpoint the spot with accuracy. 

Intensity: The stronger a particular stimulus, the more nerve fibers fire. This allows the brain to interpret the intensity of 
a sensation. 


Classification of Reeeptors 

Reeeptors are elassified aeeording to the type of stimuli they deteet 



Chemoreceptors 

These reeeptors reaet to various ehemieals, including 
odors and tastes, as well as the eoneentration of 
various ehemieals (such as glucose or earbon dioxide) 
in the body. 





Meehanoreeeptors 

These reeeptors respond to faetors—such as pressure, 
streteh, or vibration—that ehange the position of a 
reeeptor. 


The Body AT WORK 

When o stimulus is 
continuous, thefiring 
frequency ofthe nerve 
begins to slow, causing the 
sensation to diminish. This 
is known as adaptation. As 
an example, thinkof 
entering a eold bodyof 
water. When you first step 
in, the water may seem very 
eold. After a few minutes, 
your senses adapt and it 
doesn't feel as eold. 




Thermoreeeptors 

These reeeptors are aetivated by a ehange in 
temperature. 





Noeieeptors 

These are pain reeeptors that respond to tissue 
damage from trauma as well as from heat, ehemieals, 
pressure, or a laek of oxygen. 




Photoreeeptors 

Found only in the eyes, these reeeptors respond to 
light. 


The Body AT WORK 

Another type ofspeeialized 
reeeptor is the 
proprioeeptor. Found in 
skeletal muscle, joints, and 
tendons, proprioeeptors 
provide information about 
body movement, muscle 
streteh, and the general 
orientation ofthe body. For 
example, proprioeeptors 
allowyou to orientyour 
body in spaee and to know 
the position ofyour body 
parts (such asyourarm or 
leg) without looking. 


















































The general senses include pain as well as the sensations of pressure, touch, streteh, and temperature. Reeeptors for the 
general senses are widely distributed in the skin, muscles, tendons, joints, and viseera. 

Pain 

Noeieeptors, or pain reeeptors, eonsist of free nerve endings that earry pain 
impulses to the brain. They’re espeeially abundant in the skin and mucous 
membranes and also found in almost every organ. (Theyre not, however, found in 
the brain.) They fall into one of two eategories: 

• Fast pain fìbers: Abundant in the skin and mucous membranes, these fìbers 
produce a sharp, loealized, stabbing-type pain at the time of injury. This is the type 
of pain you experience when you stub your toe or slam your fìnger in a door. 

• Slow pain fìbers: These fibers are eongregated on deep body organs and 
structures and produce a dull, aehing pain. For example, pain sensations from a 
bowel obstmetion or appendieitis would be earried along these fibers. 

Pain ean travel by a number of different routes (making the true source of pain often diffìcult to identify). The following 
illustration portrays the main pain pathway for most areas of the body. 


FAST FACT 


While noeieeptors don t occur in 
the brain, they do occur in the 
meninges. Headaehes, therefore, 
dont result from pain in the 
brain but from the surrounding 
tissues. 



The impulse from the 
spinoreticular traet bypasses 
the thalamus and travels to the 
hypothalamus and limbie system. 
These areas trigger emotional and 
behavioral responses to pain, 
such as fear and nausea. 



The thalamus relays the signal from the 
spinothalamie traet to the posteentral 
gyrus of the eerebmm. At that point, the 
person beeomes aware of the pain. 



Injured tissues release 
several ehemieals that 


stimulate the noeieeptors 
and trigger pain. (Pain 
reeeptors may also be 


stimulated from a laek of 
oxygen or when tissues are 
stretehed.) 




ANIMATION0 


Reticular 

formation 


Brainstem 




At the same time, the 
spinoreticular traet 
earries pain signals to the 
reticular formation ofthe 
brainstem. 


Spinothalamie traet 


Spinal eord 

_Dorsal 

ganglion 



Spinal eord 



At the dorsal horn, 
the spinothalamie 
traet relays the pain signal 
tothethalamus. 


A neuron conducts a pain 
signal to the dorsal horn 
of the spinal eord. 
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Referred Pain 

Pain originating in a deep organ may be sensed as if it’s originating from the bodys surface—sometimes at a totally different 
part of the body. Called referred pain, this occurs because sensory fibers from an organ and those from an area of skin 
eonverge in a single pathway. The illustration shown here identifìes eommon sites of referred pain. 

An example of referred pain 


Liver and 
gallbladder 


Appendix 


Llreter 



Lungs and diaphragm 


Heart 

Stomaeh 
Panereas 

Small intestine 
Colon 



Kidney 



includes one of the elassie 
symptoms of myoeardial 


Liver and 

gallbladder infaretion: pain in the left arm or 

over the left ehest. Those 
symptoms occur because pain 
fibers from the heart and pain 
fibers from the skin over the left 
side of the ehest and left arm 
enter the spinal eord at the same 
level. Sensory impulses from both 
these areas travel to the brain over 
the same pathway, which may 
cause the brain to misidentify 
pain from the heart as eoming 
from the ehest or arm. 



AST FACT 


Drugs used to relieve pain are 


ealled analgesies. 




The Body AT WORK 

No one likes to be in poin; hovvever, poin is one ofthe body's ehief 
proteetive meehonisms. Poin olerts us to donger—such os letting us knovv 
thot o stove is hot—ond vvorns us obout internol injury or diseose. Those 
vvith on impoired pereeption ofpoin hove on inereosed risk for injury 
becouse they eon't sense the vvorning signs thotpoin provides. For 
exomple, o eommon eomplieotion ofdiobetes is nerve domoge 
(neiiropathy,) in the feet. Becouse the neuropothy impoirs the sensotion of 
poin, someone vvith diobetie neuropothy moy overlook o seemingly minor 
injury thot eon loter beeome infeeted. 


Temperatiire 

Free nerve endings ealled thermoreeeptors mediate sensations of heat and eold. 


Pain 


Warm reeeptors 


Loeated in the dermis 
Aetivated above 25° C 
(77° F) 

Beyond about48° C 
(118° F), a sensation of 
burning pain begins 



Cold reeeptors 

Loeated deep in the 
epidermis 

Aetive betvveen 10° C 
(50° F) and 40° C (104° F) 
Belovv 10° C (50° F), firing 
of the eold reeeptors 
deereases and the 


p £ temperature aets as an 

anesthetie before 
aetivating pain reeeptors, 
triggering a feeling of 
freezing pain 


Touch 

Speeialized nerve endings, most of which are meehanoreeeptors, provide for the senses of touch, pressure, and streteh. Some 
reeeptors are enveloped in eonneetive tissue while others are uncovered. These reeeptors, which are loeated on sensitive, 
hairless areas of the skin such as the fingertips, palms, eyelids, lips, nipples, and genitals, have different sizes and shapes. This 
broad variety allows us to feel the differenee between a wide range of textures, such as being able to differentiate between 
smooth silk and rough burlap. 
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The speeial senses—which include taste, smell, hearing, equilibrium, and vision—involve reeeptors that are either grouped 
together or clustered in speeialized organs. 

Taste 


The sense of taste, or gustation, results when ehemieals eome in eontaet with taste buds. Most taste buds are loeated 
around protmsions on the tongue ealled papillae, although a few reside in the lining of the mouth and soft palate. The 
tongue eontains four types of papillae: 



Lingual tonsil 






FAST FACT 


A ehild has about 10,000 
taste buds. The number 
deelines with age, and elderly 
people may have fewer than 
5000 taste buds. 


Papillae 


Taste buds 
residealong 
and betvveen 
the papillae. 


Taste buds send gustatory impulses 
direetly to the brain by one of three eranial 
nerves (the faeial nerve [VII], the 
glossopharyngeal nerve [IX], and the vagus 
nerve [X]).The eranial nerve used depends 
on the loeation of the taste bud stirrmlated. 


Taste buds look similar 
to an orange, vvith eaeh 
segment eontaining 25 
to 50 ehemoreeeptors 
ealled gustatory eells 
or taste eells. 


Epiglottis 


The Body AT WORK 

The four primary tastes are salty, 
svveet, sour, and bitter. Researehers 
have suggested a nevvprimary 
taste ealled irnnami. A Japanese 
slang vvord meaning "delicious," 
umami refers to a "meaty" taste 
resulting from amino aeids. 

Despite previously held vievvs, 
the tongue is not divided into 
different regions aeeording to 
taste. All tastes ean be deteeted in 
all areas ofthe tongue that 
eontain taste buds; hovvever, 
some areas are more sensitive to 
eertain tastes. Forexample, the tip 
ofthe tongue is most sensitive to 
svveet tastes vvhile the taste buds 
at the rear ofthe tongue are most 
sensitive to bitter tastes. 


Tongue epithelium 


A hair-like tip projeets into an 
opening ealled the taste pore, 
vvhieh is bathed in saliva. 
Chemicals dissolved in saliva 
stimulate the gustatory eells, 
vvhieh, in turn, stimulate eertain 
eranial nerves. 


Supporting eell 
Gustatory eell 


Vallate papillae are large 
papillae found at the rear of 
the tongue; although fevv in 
number, they eontain up to 
half of all taste buds. 


Foliate papillae form ridges 
at the sides of the tongue. 


Filiform papillae are 

thread-like papillae that 
eontain no taste buds; they 
play a role in helping us 
distinguish the texture of 
food. 


• Fungiform papillae are 

espeeially eoneentrated at 
the tip and sides of the 
tongue. 
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Smell 

Lining the roof of the nasal eavity is a small area of epithelium that eontains reeeptor eells for olfaetion (the sense of smell) 
The reeeptor eells—which are essentially neurons—leave the nasal eavity through pores in the ethmoid bone; they then 
gather together to form eranial nerve I (the olfaetory nerve). 


FAST FACT 


The senses of smell and taste are 
elosely related. In faet, people who lose 
their sense of smell typieally eomplain 
that food has lost much of its taste. 


Olfaetory bulb 
Glomerulus 

Ethmoid bone 


Nasal epithelium 
Olfaetory reeeptor eells 


4 The signals continue on to 
the primary olfaetory 
cortex in the brain. 

3 The fibers synapse with 
other neurons in olfaetory 
biilbs, a pair of structures 
residing just underneath the 
brain's frontal lobe. Intermediate 
neurons ealled glomeruli 
partially proeess the impulses. 


This stimulates an impulse 
along nerve fibers leaving 
the nasal eavity through pores 
in the ethmoid bone. 


I lneoming odor molecules 
bind to eilia projeeting 
from the ends of the olfaetory 
reeeptor eells. 




After o stimulus reoehes the primory olfoetory cortex, it moy 
eontinoe on to o nomberofotherloeotions in the eerebrom ond 
broinstem—ineloding the hippoeompos ond omygdolo. This 
exploins vvhyeertoin odors eon evoke o memory on emotionol 
response, oreven o physieol response—such os vomiting. 

Also notevvorthy is thot eertoin odors (such os those prodoeed 
by the ehemieols ommonio, ehlorine, ond menthol) stimolote 
noeieeptors on the trigeminol nerve insteod ofolfoetory eells. The 
strong, onpleosont response thotresolts from smelling these 
ehemieols is vvhotmokes "smelling solts" effeetive in reviving 
someone vvho is unconscious. 


mmm 



FAST FACT 



Olfaetory reeeptors are quickly 
fatigued; they will stop sensing even 
the strongest smells after a short time. 































































Hearing 

The ears provide the sense of hearing; they’re also essential for balanee (equilibrium). The ear has three seetions: the outer 
ear, the middle ear, and the inner ear. 


Outer Ear 

The outer, or external, ear eonsists of the auricle (or pinna) and the auditory eanal. 



Vestibular nerve 
Cochlear nerve 
Cochlea 

Round window 


Eustachian tube 


j Outerear 

Middle Ear 


The aiiriele (pinna) is the visible 
part of the ear. Shaped by 
eartilage, this part of the ear 
funnels sound into the auditory 
eanal. 


Ossieles: 
Malleus 
lncus 


Semicircular eanals 


The auditory eanal leads 
through the temporal bone to 
the eardmm. (The opening of the 
auditory eanal to the outside of 
the body is ealled the external 
acoustic meatus.) Glands lining 
the eanal produce seeretions that 
mix with dead skin eells to form 
cerumen (ear wax). Cerumen 
waterproofs the eanal and also 
traps dirt and baeteria.The 
cerumen usually dries and then, 
propelled by jaw movements 
during eating and talking, works 
its way out of the ear. 






The middle ear eonsists of these structures: 


Auditory ossieles: The three smallest bones in 
the body eonneet the eardrum to the inner ear; 
they are named for their shape: 

• Malleus (hammer) 

• lncus(anvil) 

• Stapes (stirmp) 


The stapes fits within the oval window of the 
vestibule, which is where the inner ear begins. 


Tympanie membrane (or eardrum):This 
membranous structure separates the outer ear 
from the middle ear; it vibrates freely in 
response to sound waves. 



Oval window 


The auditory or eustachian tube 

is a passageway from the middle 
ear to the nasopharynx. Its 
purpose is to equalize pressure on 
both sides of the tympanie 
membrane. Unfortunately, it ean 
also allow infeetion to spread 
from the throat to the middle ear. 


Life lesson: Middle ear infeetions 

Middle ear infeetions, ealled otitis media, occur eommonly in ehildren.The reason 
is simple: the size and position of the eustachian tube. In ehildren, the eustachian 
tube is fairly short and horizontal. This short, straight passagevvay to the 
nasopharynx allovvs drainage from the nose to flow easily into the middle ear, 
spreading infeetion. As a ehild grows, the eustachian tube lengthens and slants 
downward, making the drainage of seeretions into the ear, and resultant 
infeetion, less likely. 



CHAPTER 11 Sense Organs 























































PARTIII Regiilation and Integration of the Body 







L. 




Inner Ear 


A eomplieated system of passageways within the temporal bone 
eontains the inner ear, which explains why this part of the ear is 
ealled the bony labyrinth. The membranous labyrinth lines the 
inside of the bony labyrinth. Fluid ealled perilymph cushions the 
spaee between the two labyrinths, while another fluid, ealled 
endolymph, occupies the inside of the membranous labyrinth. 

Three separate structures form the bony labyrinth: 


Semicircular eanals: 

These structures are 
emeial for the 
maintenanee of 
equilibrium and balanee. 


Vestibule:This structure, 
which marks the entranee 
to the labyrinths, eontains 
organs neeessary forthe 
sense of balanee. 


Cochlea:This snail-like 
structure eontains the 
structures for hearing. 



Vestibular nerve 


Cochlear nerve 


The spirals of the eoehlea 
are divided into three 
eompartments.The 
middle eompartment is a 
triangular duct (ealled 
the eoehlear duct) filled 
with endolymph; the 
outer two eompartments 
are filled with perilymph. 


Round window 


Perilymph 




Resting on the floor (ealled the 

basilar membrane) of this duct 
is the organ of Corti, the 

hearing sense organ. 






The Body AT WORK 

The numberofsound vvaves thatoccur 
daring a speeifie time frame, ealled 
frequency, determines the piteh ofa 
sound. What vve ean hear depends on 
hovv loud a sound is (the volume) as 
vvell as its piteh. Human ears ean 
respond to sounds having a piteh 
betvveen 20 Hz (vibrations perseeond) 
and 16,000 Hz. Many animals, though, 
ean hearsounds thehuman earean't 
deteet. Forexample, eats ean hear 
sounds up to 60,000 Hz, and bats ean 
deteet frequencies as high as 120,000 Hz. 


Hairs 




Cochlear duct 
(with endolymph) 


Teetorial 

membrane 


The organ of Corti eonsists of 
a layer of epithelium 
(eomposed of sensory and 
supporting cells).Thousands 
of hair eells projeet from this 
epithelial layer and are 
topped with a gelatin-like 
membrane ealled the 


Supporting eells teetorial membrane. Nerve 


Basilar membrane 


Fibers of 
eoehlear nerve 


fibers extending from the 
base of the hairs eventually 
form the eoehlear nerve 
(eranial nerve VIII). 
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How Hearing Occurs 

Hearing occurs when sound ereates vibrations in the air, known as sound waves 



The vibration spreads through the 
malleus, the incus, and the stapes. 


ANIMATION0 



Sound waves 
enter the ear 


and travel down the 
external auditory 
eanal.The waves 
strikethetympanie 
membrane, causing 
itto vibrate. 


Malleus lncus 


Stapes 


The movement of the stapes against 
the oval window shakes the perilymph 
on either side of the eoehlear duct. 



Cochlear duct 



Cochlear nerve 


Teetorial 

membrane 


Hair eells on 
organ of Corti 


through the perilymph 
and dissipate by striking the 
round window. 


Eustachian tube 


Basilar membrane 



The ripples in the perilymph are transmitted through the roof 
of the eoehlear duct totheorgan of Corti. Movement here 
stimulatesthe hairs of the organ of Corti to send nerve impulses 
along the eoehlear nerve.The impulses reaeh the auditory cortex 
in the brain's temporal lobe, where it's interpreted as sound. 




Life lesson: Hearing loss 

Hearing loss ean be divided into two main eategories: 

1. Conductive hearing loss. Anything that interferes with the transmission of vibrations to the inner ear 
will result in a hearing loss. For example, fluid in the middle ear (as a result of an infeetion, eold, or 
allergies), impaeted cerumen, or a foreign body will all bloekthe transmission of vibrations. When 
the underlying cause is treated, hearing returns to normal. A more serious type of conductive 
hearing loss is otoselerosis, a eondition in which the auditory ossieles fuse together. Because the 
ossieles ean't move, the vibrations stop when they reaeh the middle ear. Surgical intervention ean 
sometimes restore hearing. 

2. Sensorineural (nerve) hearing loss. This type of hearing loss most often results from the death of hair 
eells in the organ of Corti, usually a result of frequent exposure to sustained loud noise (such as that 
experienced by faetory workers and musicians). Onee the hairs are damaged, they never grow baek, 
making this type of hearing loss permanent. 
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Gelatinous 

matrix 

Hair eell 


Nerve fibers 


Inside the vestibule are two sense 
organs: the utricle and saccule. A 
pateh of hair eells lies inside both 
these organs.Thetips of the hair 
eells are eovered by a gelatin-like 
material; embedded throughout 
the gelatin material are heavy 
mineral erystals ealled otoliths. 


Otoliths 


Balanee 

The vestibule and semicircular eanals of the inner ear play a key role in the proeess of balanee 


The Body AT WORK 

The semicircular eanals and the vestibule monitor differentaspeets ofbalanee. The semicircular eanals are primarily 
eoneerned with the speed and direetion ofhead movements (dynamie equilibriurrU In eontrast, the atrieìe andsaccule 
share responsibility for deteeting the position ofthe head when the body is stationary and also for the sense of 
aeeeleration when moving in a straightline (such as when riding in a ear). This is ealled statie equilibrium. 


lltriele 


When the head rotates, the endolymph inside the ampulla 
lags behind. When the movement stops, the endolymph 
swirls past the cupula, bending it in the proeess. This pulls 
on the haireells, stimulating nearbynerve reeeptors to 
send a signal to the brain via the vestibular nerve. The 
brain interprets the information and triggers the responses 
neeessary for maintaining balanee when the head or body 
is suddenly moved. 


Gravitational foree 


Inside the vestibule, the otoliths remain level on the hair 
eells when the head is level, causing minimal stimulation. 
When the head tilts (or when the entire body moves 
forward), the membrane and the otoliths shift, stimulating 
the hair eells. This, in turn, stimulates nearby reeeptors of 
the vestibular nerve to conduct impulses to the brain, 
which produces a sense ofthe head's position. 


At the end of eaeh eanal is a bulb-like 
area ealled an ampiilla. VVithin eaeh 
ampulla is a mound of hair eells 
topped by a gelatinous eone-shaped 
eap ealled the cupula.The lightweight 
cupula floats in the endolymph that 
fills the semicircular eanals. 


Cupula 


Hair eells 


Sensory 
nerve fibers 


Three fluid-filled semicircular eanals 
lie at right angles to one another.This 
arrangement allows eaeh eanal to be 
stimulated by a different movement 
of the head. 
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Vision 

The most complex of the senses, vision depends on the eye to use light to eonvert stored energy into nerve impulses; these 
nerve impulses travel to the brain, where they are interpreted as sight. 


Aeeessory Structures ofthe Eye 


Eyebrow: Perhaps the most signifieant role of eyebrows is to enhanee 
faeial expressions, aiding in nonverbal eommiinieation.They also help 


keep perspiration out of the eye and shield the eye from glare. 


Eyelashes:These hairs along the edges of the 
eyelids help keep debris out of the eye.Touching 
the eyelashes stimulates the blink reflex. 


Eyelids (palpebrae): Formed 
primarily by the orbicularis oculi 
muscle eovered with skin, the 
upper and lower eyelids proteet 
the eye from foreign bodies and 
bloek light when elosed to allow 
for sleeping. Periodie blinking 
helps moisten the eyes with tears 
and wash out debris. 


Lateral canthus 


Palpebral fissure:This is the opening 


between the lids. 



Conjunctiva:The conjunctiva is a 
transparent mucous membrane that lines 
the inner surface of the eyelid and eovers 
the anterior surface of the eyeball (except 
for the eornea). It seeretes a thin mucous 
film to help keep the eyeball moist. It is 
very vascular, which beeomes apparent 
when eyes are"bloodshot,"a result of 
dilated vessels in the conjunctiva. 


Medial canthus 


Lower eyelid 


Tarsal glands:These glands, which lie along the 
thiekened area at the edge of the eye (ealled the tarsal 
plate), seerete oil to slow the evaporation of tears and 
help form a barrier seal when the eyes are elosed. 


Laerimal Apparatus 

The laerimal apparatus eonsists of the laerimal gland 
and a series of ducts (which are also ealled tear ducts). 


Laerimal punctum:This tiny 
pore at the end of eaeh 
laerimal eanal drainstears into 
the laerimal eanals and 
nasolaerimal duct. 


Ducts 

Superior 

laerimal 

eanal 



Laerimal gland:This small gland seeretes 
tears that flow onto the surface of the 
conjunctiva.Tears elean and moisten the 
eye's surface and also deliver oxygen and 
nutrients to the conjunctiva. Furthermore, 
tears eontain a baeterial enzyme ealled 
lysozyme that helps prevent infeetion. 


Inferior 

laerimal 

eanal 


Nasolaerimal duct:This passageway 
earries tears into the nasal eavity (which 
explains why erying or watery eyes ean 
cause a runny nose). 





FAST FACT 






he study of the eye and the 
treatment of its diseases is ealled 

ophthalmology. 
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Extrinsic Eye Mnseles 

Six muscles attaeh to the bony walls of the orbit and to the surface of the eyeball. This group of muscles—ealled extrinsic 
mnseles because they reside outside the eyeball—moves the eye. Other muscles—ealled intrinsie muscles—arise from within 
the eyeball. intrinsie muscles, which will be discussed later in this ehapter, regulate the size of the pupil and ehange the 
shape of the lens. 

The superior oblique muscle is innervated by the troehlear nerve (eranial nerve IV) and the lateral rectus by the abducens 
nerve (eranial nerve VI). All the other extrinsic muscles are innervated by the oculomotor nerve (eranial nerve III). 


The superior 
and inferior 
oblique 
muscles help 
you rotate your 
eyes to the side 
and downward; 
they also allow 
you to"roll" 
your eyes. 



Superior oblique 


Superior rectus 


Medial rectus 


Lateral rectus 


Inferior rectus 


Inferior oblique 


Four reeti (or 
"straight") 
muscles move 
the eye up, 
down, medially, 
and laterally. 







V 


V 





The Body AT WORK 

Both eyes work in tandem: 
when one eye moves, so 
does the other eye. As a 
result, when one eye needs 
to remain still because ofan 
injury or following surgery, 
it's neeessary to pateh both 
eyes. 



AST FACT 


Over half the information in the 
conscious mind enters through 
the eyes. 


I The Body AT WORK 

Human vision is restrieted to a band of 
wavelengths ranging from 400 to 700 nm. 
illtraviolet wavelengths liejust above this 
k speetmm, while infrared wavelengths liejust 
| below it. Some animals, though, ean deteet 
ultraviolet light, making eolors visible that 
humans are blind to. As an example, a speeifie 
speeies ofbird (ealled the blue tit) distinguish male 
from female by brilliant ultraviolet feathers, the 
colorofwhich we earitdeteet. Also, eertain 
snakes, including rattlesnakes, have a seeond set 
of"eyes" thatsense infrared radiation, allowing 
them to spot prey in their vieinity. 
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Eye Anatomy 

The eye is a sphere about ^/4 to 1 ineh (19 to 25 mm) in diameter. It lies within the bony orbit of the sktill and is partially surrounded 
by a layer of fat. Three layers of tissue form the surface of the eye, while the inside is divided into two fluid-fìlled ehambers. 

Tissiie Layers 

The eye is formed by three layers of tissue 

A fibrous outer layer (eonsisting of the selera and eornea) 

A vascular middle layer (eonsisting of the ehoroid, eiliary body, and iris) 

A neural inner layer (eonsisting of the retina, optie nerve, and blood vessels) 


Fibrous Outer Layer 

The sdera —formed from dense eonneetive tissue— is the outermost layer 
of the eye. Most of the selera is white and opaque; it forms what is ealled 
"the white of the eye."Blood vessels and nerves run throughout the selera. 


Neural Inner Layer 

The retina is a thin layer of light-sensitive 
eells. 


The eornea is a transparent extension of the selera 
in the anterior part of the eye. It sits over the iris 
(the eolored portion of the eye) and admits light 
into the eye. It eontains no blood vessels. 


Vascular Middle Layer 

The iris is a ring of eolored muscle; it 
works to adjust the diameter of the 
pupil (the eentral opening of the iris) to 
eontrol the amount of light entering 
the eye. 


The eiliary body is a thiekened extension of the 
ehoroid that forms a eollar around the lens. It 
also seeretes a fluid ealled aqueous humor. 


The ehoroid is a highly vascular layer of tissue 
that supplies oxygen and nutrients to the retina 
and selera. 



Exiting from the posterior 
portion of the eyeball is 
the optie nerve (eranial 
nerve II), which transmits 
signals to the brain. 


The Retina 

Lining the posterior two-thirds of the eye is the retina. 
Inside the retina are photoreeeptors ealled rods and eones 
that are stimulated by light rays to produce an eleetrieal 
or ehemieal signal. The retina ean be viewed by using a 
hand-held instmment ealled an ophthalmoseope to look 
through the pupil to the baek of the eye. 


The eenter point of the retina, as seen through an 
ophthalmoseope, is a pateh of eells ealled the macula lutea. 


Inside the macula lutea is a depression ealled the fovea 
eentralis. Most of the eones are eoneentrated here, 
making this the area that produces the sharpest vision. 
(Rods are absent from the fovea eentralis; they're mostly 
clustered along the outside edges of the retina.) 


Medial to the macula lutea is the optie dise. Nerve fibers 
leave the retina at this point, eonverging to beeome the 
optie nerve. This is also the spot where blood vessels enter 
and leave the eye. 



Venule 


Arteriole 
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That Makes Sense 



The Body AT WORK 


Remember: The eye eonsists ofthree 
spaees: the anterior ehamber, the 
posterior ehamber, and the posterior 
eavity. The anterior andposterior 
ehambers, together, are knovvn as the 
anterior eavity. 



The optie dise eontains no photoreeeptors; consequently, it 
produces a blindspot in the visual field ofeaeh eye. To identify 
your own blind spot, draw a large dot on the left side ofa 3"x 5" 
eard and an "X" on the right. Coveryour right eye and hold the 
eard about a foot from your faee. Focus on the "X" asyou move 
the eard slightly forward or to the rightand left. At some point, 
the dot will disappear as it falls on the blind spot ofyoar left eye. 


ehambers and Flnids 


The eye is aetiially a fliiid-fìlled sphere divided into two main eavities. 


The spaee betvveen the lens and the eornea is 
the anterior eavity. This eavity is further divided 
into an anterior ehamber (anterior to the iris) 
and a posterior ehamber (posterior to the iris 
but anterior to the lens). A elear, vvatery fluid 
ealled aqueous humor fills the anterior eavity. 


Anterior ehamber 


The lens is a transparent 
dise of tissue just behind 
the pupil, betvveen the 
anteriorand posterior 
eavities.The lens 
ehanges shape for near 
and far vision. 


Canal of Sehlemm 
Posterior ehamber 



The posterior eavity is the larger eavity 
lying posterior to the lens and anterior 
eavity. It isfilled vvith a jelly-like substance 
ealled vitreous humor.This semi-solid 
material helps keep the eyeball from 
eollapsing. 


The eiliary body 
seeretes aqueous 
humor that fills the 
anterior eavity.The 
fluid flovvs from the 
posterior ehamber, 
through the pupil, 
and into the 
anterior ehamber 
of the anterior 
eavity. It then 
drains into a blood 
vessel ealled the 
eanal of Sehlemm. 


Life lesson: Glatieoma 



Normally, the production of aqueous humor by the eiliary 
body equals the rate of absorption through the eanal of 
Sehlemm. If the eanal of Sehlemm beeomes obstructed, 
aqueous humor accumulates first in the anterior ehamber 
and then in the posterior ehamber, causing pressure within 
the entire anterior eavity to build. Rising pressure in the 
anterior eavity forees the lens backward, driving the vitreous 
body against the ehoroid, which, in turn, obstructs blood flow 
to the retina and optie nerve. Left untreated, eells in the retina 
die, the optie nerve atrophies, and blindness may result. 

The eondition of inereased intraocular pressure is ealled 
glaucoma. Although glaucoma ean be easily diagnosed 
during a routine eye exam, it remains a leading cause of 
blindness. One reason is that early symptoms are vague (such 
as flashes of light). Later symptoms include a narrowed field 
of vision and eolored halos around artifieial lights. While 
glaucoma ean be treated with drugs or surgery, any resulting 
vision loss is permanent. 
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The Proeess of Vision 

For vision to occur, all of the following must happen: 

1 . Light must enter the eye and focus on the retina to produce a tiny, upside-down image of the objeet being viewed 

2 . The photoreeeptors in the retina (rods and eones) must eonvert that image into nerve impulses. 

3 . The impulses must be transmitted to the brain for interpretation. 


Formation ofa Retinal Image 


fraeted, 


Also 


other eye adjustments are required. Speeifieally, the eyes must eonverge on the objeet 
being viewed, the pupils must eonstriet and the lens must ehange its curvature 
{aeeommodatiorì ). 

Refraetion 

Light rays entering the eye must be bent so they focus preeisely on the retina. 
Bending of light rays is ealled refraetion. When light rays strike a substance 
at an angle other than 90 °—such as when light rays strike the curved edge of 
the eornea—the light rays bend. 


FAST FACT 


The refraeting media of the eye 
includes the eornea, aqueous humor, 
lens, and vitreous humor. However, the 
curved surface of the eornea refraets 
most of the light entering the eye. 


Light rays that strike the eenter of the eornea 
pass straight through, while light rays that 
strike off-eenter, where the eornea is curved, 
are bent toward the eenter. 


Lens 


Retina 


Cornea 


Convergence 

Proper vision requires the light rays from an objeet to fall on the same area of 
eaeh retina. Convergence lines up the visual axis of eaeh eye toward the 
objeet so that the light rays fall on the eorresponding spots on eaeh retina. 



Fovea 




Light rays from distant objeets are almost parallel, 
meaning the eyes require little adjustment. 

If the eyes fail to eonverge, light rays from the objeet will fall on different 
parts of eaeh retina, resulting in double vision {diplopia). To see eonvergenee 
in aetion, ask a friend to focus on your finger as you bring it slowly toward 
his or her nose; soon you’ll see the eyes eonverge on your fìnger. 


Light waves from elose objeets diverge more.Therefore, 
the eyes must move inward, or eonverge, on the objeet 
to align the visual axis with the light rays. 
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PARTIII Regiilatìon and Integration of the Body 






Life lesson: Common vistial defeets 

Many people experience less than perfeet vision, typieally caused by errors in refraetion. Speeial lenses (eyeglasses) 
ean be used to eorreet these errors. The lenses bend light rays before they reaeh the eornea so that, by the time the 
rays reaeh the baekof the eye, they focus on the retina to produce elear vision.Thefollowing figures illustrate 
normal vision as well as eommon refraetive errors. 




Emmetropia : When light rays focus on the retina without the need of a 
eorreetive lens, normal vision results.This is ealled emmetropia. 


Myopia (nearsightedness): When light rays focus in front of the retina instead 
of direetly on it, distant objeets appear blurry while those up elose are elear. 
This eondition, ealled myopia, occurs if the eyeball is too long or the eornea has 
more curvature than normal. Myopia is the most eommon refraetive vision 
defeet. 


Hyperopia (farsightedness): When light rays focus at a point behind the 
retina, objeets up elose appear blurry. Called hyperopia, this eondition occurs if 
the eyeball is too short or the eornea is flatter than normal. 




Astigmatism: Astigmatism results from an uneven or asymmetrieal curvature 
of the eornea, causing light to be focused unevenly. People with astigmatism 
have difficulty viewing fine detail in objeets up elose as well as at a distanee. 
This refraetive defeet often aeeompanies myopia or hyperopia. 


Presbyopia : With age, the lens loses flexibility—interfering with its ability to 
ehange shape—and the focusing nrmseles in the eye weaken. As a result, light 
focuses behind the retina, ereating difficulty focusing on objeets up elose (such 
as when reading). Presbyopia usually begins between the ages of 40 and 50 
years. 



Life lesson: Cataracts 

Another eommon cause of visual disturbances, espeeially 
among the elderly, is eataraets. A eataraet is clouding of 
the lens, making vision cloudy or blurry. Other eommon 
eomplaints include glare, eolors appearing faded, and 
poor night vision. Cataracts eommonly occur as a part of 
aging, although other riskfaetors include diabetes 
mellitus, smoking, and prolonged exposure to sunlight. 
Treatment includes surgery to remove the lens with the 
eataraet and insertion of an artifieial lens. 


FAST FACT 


The sharpness of visual 
pereeption is ealled visual 
acuity. 
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Constriction of the Pupil 

The eenter of the eornea—just like the eenter of any lens—ean focus light 
rays better than the periphery. To reduce blurriness when focusing on a 
nearby objeet, the pupil eonstriets to sereen out peripheral light rays. The 
eonstrietion and dilation of the pupil depends upon muscles inside the iris; 
these are ealled the intrinsie eye nmseles. 
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Continually using the eyes for close-up 
work stresses the eiliary muscles, resulting 
in eyestrain. Taking periodie breaks to focus 
on a distant objeet will help lessen the 


strain. 


Aeeommodation of the Lens 

While the eornea refraets most of the light rays entering the 
eye, the lens fine-tunes the rays for sharper focus. 
Speeifieally, the curvature of the lens ehanges to allow the 
eye to focus on a near objeet, a proeess ealled 

aeeommodation. 




The pupillary eonstrietor muscle 
eneireles the pupil. When 
stimulated by the parasympathetie 
nervous system, the muscle 
eonstriets, narrowing the pupil to 
admit less light. 


The pupillary dilator looks like the 
spokes of a wheel. When stimulated 
by the sympathetie nervous system, 
this muscle eontraets, pulling the 
inside edge of the iris outward.This 
widens the pupil and admits more 
light. 




lí 



The Body AT WORK 

Pupils olso constrictautomatically 
when exposed to bright light. This is 
ealled the photopupillary reflex. In 
faet, both pupils eonstrieteven if 
only one eye is illuminated, which is 
why this is sometimes ealled the 
eonsensiial light reflex. 


Lens thins 


Ciliary muscle 
relaxed- 
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The nearly parallel light rays from distant objeets require little 
refraetion. Consequently, the eiliary muscle eneireling the lens relaxes 
and the lens flattens and thins. 


Lens thiekens 



The more divergent light rays from a nearby objeet require more 
refraetion.To help focus the light rays, the eiliary muscle 
surrounding the lens eontraets.This narrows the lens, causing it to 
bulge into a convex shape and thieken, giving it more focusing 
power. 
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PARTIII Regiilation and Integration of the Body 



Aetion of Photoreeeptors 

Photoreeeptor eells (rods and eones) within the retina absorb the ineoming light and, in return, trigger an aetion potential. 
There are two types of photoreeeptors: rods and eones. Rods handle vision in low light but eannot distinguish eolors (which 
explains why it’s hard to identify eolors in dim light). Cones hinetion in bright light and are responsible for eolor vision and 
detail. There are three types of eones—red, green, and blue—eaeh of which responds to the wavelength of light from that 
particular eolor. All the eolors we pereeive result from a mixture of nerve signals from these three types of eones. 


Rods 


Nucleus 


Are loeated atthe 
periphery of the 
retina 

Are aetive in dim 
light 

Are responsible for 
night vision 
Cannot distinguish 
eolors from eaeh 
other 



Cones 

• Are eoneentrated in 
the eenter of the 
retina (but are also 
seattered 
throughoutthe 
retina) 

• Are aetive in bright 
light 

• Are primarily 
responsible for 
sharp vision 

• Are responsible for 
eolor vision 


Nucleus 


Retina 
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The Body AT WORK 

Gones generate the sharpest visual images. 
Because eones are eoneentrated in the eenterof 
the retina, to see an objeet elearly in the 
daytime—or to distinguish betvveen eolors—we 
look at it straight on. At night, orin dim light, we 
ean see more elearly by looking slightly to one side 
ofan objeet. That's beeaase in those eonditions 
we're using rods, which are eoneentrated at the 
periphery ofthe retina. 


That Makes Sense 

To distinguish between the aetions ofrods 
and eones, remember that "e" (as in eones) 
stands for "eolor." 



Life lesson: Color blindness 

Color blindness results when one or more of the ehemieals (photopigments) 
sensitive to a particular eolor's wavelength are missing. Contrary to its name, 
eolor blindness does not mean that the individual sees everything in shades of 
gray (except in very rare eases). Rather, the person sees eolor, but he has difficulty 
distinguishing eertain eolors. 

The most eommon form of eolor blindness is a red-green eolor defieit. In this 
ease, the person ean't distinguish between shades of these two eolors. (For 
example, a person with red-green eolor blindness would not easily see red 
flowers in the midst of green leaves.) 

Color blindness is an inherited eondition, affeeting about 8% of males and 
0.5% of females. 







































Transmission ofNervotis Impiilses 

The final step in the visual proeess involves relaying the nerve impulses to the brain, where 
the images are interpreted as sight. 




That Makes Sense 

It moy be confusing to think that images from the right 
visiial field are handled by the left eerebral hemisphere, and 
that images from the left visual field are handled by the 
right eerebral hemisphere. It makes more sense, hovvever, 
when you remember that the rightbrain eontrols motor 
responses on the left side ofthe body and viee versa. 
Therefore, eaeh side ofthe brain needs to "see" what's 
happening on the side ofthe body for i /vhieh it initiates 
movement. 


Nerve impiilses generated by 
the rods and eones leave the 
eye via the optie nerve. 


Half the nerve fibers eross over 
to the opposite side of the brain 
at the optie ehiasm. Speeifieally, 
fibers from the nasal side eross 
over vvhile the fibers on the 
temporal side remain on the 
same side. 


The impulses travel to the 
primary visual cortex in the 
oeeipital lobe for interpretation. 





The Body AT WORK 

The optie ehiasm is loeated 
just anterior to thepituitary 
gland. That's whyan 
enlargementofthe 
pituitarygland, such as 


from a tumor, ean affeet 


vision. 







FAST FACT 


A lesion in the brains oeeipital 
lobe ean cause blindness, even if 
the eyes are functioning properly. 
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Review of Key Terms 



Adaptation: The diminishing of a 
sensation that occurs after continuous 


exposure to a stimulus 

Analgesie: Drug used to relieve pain 

Aqueous humor: Clear, watery fluid 
that fìlls the anterior eavity of the eye 

Bony labyrinth: Complicated system of 
passageways within the temporal bone Laerimal gland: Small gland that 
that eontains the inner ear 


Eustachian tube: Passageway from 
middle ear to nasopharynx 

Fovea eentralis: Depressed area in the 
middle of the macula lutea that 
eontains only eones; it is the area of 
sharpest vision 

Gustation: Sense of taste 


seeretes tears 


ehemoreeeptors: Reeeptors that reaet 
to various ehemieals, including odors, 
tastes, and the eoneentration of 
various ehemieals in the body 

ehoroid: Highly vascular layer of 
tissue in the eye that supplies oxygen 
and nutrients to the selera and retina 

eiliary body: Thiekened extension of 
the ehoroid that seeretes aqueous 
humor 


Macula lutea: Center point of the 


retina 


Cochlea: Snail-like structure in inner 
ear that eontains the structures for 
hearing 

Cones: Photoreeeptors in the retina 
responsible for eolor vision 

Conjunctiva: Transparent mucous 
membrane that lines the eyelids and 
eovers the anterior surface of the 
eyeball (except for the eornea) 

Cornea: Transparent extension of 
selera that sits over the iris and admits 
light into the eye 


Meehanoreeeptors: Reeeptors that 
respond to faetors that ehange the 
position of a reeeptor 

Membranous labyrinth: Lines the 
inside of the bony labyrinth 

Noeieeptors: Pain reeeptors that 
respond to tissue damage from 
trauma as well as from heat, 
ehemieals, pressure, or a laek of 
oxygen 

Olfaetion: Sense of smell 

Optie ehiasm: Point in the brain where 
half the optie nerve fibers eross to the 
opposite side of the brain 

Optie dise: Spot where nerve fìbers 
leave the retina, eonverging to beeome 
the optie nerve 

Organ of Corti: Hearing sense organ 


Papillae: Protmsions on the tongue on 
which taste buds are loeated 

Photoreeeptors: Reeeptors in the eyes 
that respond to light 

Referred pain: Pain originating in a 
deep organ that is sensed as if it’s 
originating from the bodys surface 

Refraetion: Bending of light rays so 
they focus on the retina 

Retina: Innermost layer of the eye that 
eontains reeeptors for vision 

Rods: Photoreeeptors in the retina 
aetive in dim light 

Selera: Outermost layer of the eye; 
formed from dense eonneetive tissue 

Thermoreeeptors: Reeeptors aetivated 
by a ehange in temperature 

Tympanie membrane: Membrane 
separating outer ear from middle ear 
that vibrates in response to sound 
waves; eardmm 

Vestibule: Stmemre of inner ear that 
eontains organs neeessary for sense of 
balanee 

Vitreous humor: Jelly-like substance 
that fills the posterior eavity of the eye 

















To make the information in this ehapter part of your 
working memory, take some time to refleet on what you’ve 
learned. On a separate sheet of paper, write down 
everything you reeall from the ehapter. After youre done, 
log on to the Davis/Yz/j website, and eheek out the Study 
Group podeast and Study Group Questions for the ehapter. 


Key Topies for Ohapter 11: 

• Types and loeations of sensory reeeptors 

• Classifìcations of sensory reeeptors 

• Types and loeations of pain reeeptors 

• The main pain pathway 

• Characteristics and loeations of reeeptors for temperature 
and touch 

• The loeation of reeeptors for taste and the ehemieal and 
neural proeess for experiencing taste 

• The loeation of reeeptors for smell and the proeess for 
experiencing smell 

• Structures of the outer, middle, and inner ear 

• How hearing occurs 

• The role of the vestibule and semicircular eanals in the 
proeess of balanee 

• Aeeessory structures of the eye 

• Anatomy of the eye, including the retina and ehambers 
of the eye 

• The proeess of vision 

• The aetion of photoreeeptors 





226 




Ansivers: Chapter 11 

1. Correct answer: C. Chemoreceptors reaet to 
ehemieals; meehanoreeeptors respond to faetors 
(such as pressure, streteh, or vibration) that ehange 
the position of a reeeptor; thermoreeeptors 
respond to ehanges in temperature. 

2. Correct answer: d. Injured reeeptors do release 
several different ehemieals, but this has nothing to 
do with identifying the source of pain. Deep body 
organs and structures eontain slow pain fibers, 
which produce dull, aehing pain. Pain signals that 
travel to the thalamus proeeed to the posteentral 
gyrus, making the individual aware of pain, while 
signals that travel to the limbie system trigger 
emotional responses to pain. 

3. Correct answer: a. Olfaetion is the sense of smell. 
Equilibrium is the sense of balanee. Convergence 
is when the visual axis of eaeh eye lines up 
properly to the ineoming light rays. 

4. Correct answer: e. The vestibule eontains organs 
neeessary for the sense of balanee. The semicircular 
eanals are crucial for the maintenanee of balanee 
and equilibrium. The auricle, or pinna, is the 
visible part of the external ear. 

5. Correct answer: a. All of the other eonditions 
would interfere with the transmission of vibrations 
to the inner ear, resulting in a conductive hearing 
loss. 


1 . Noeieeptors are reeeptors that 

respond to: 

a. various ehemieals inside and 
outside the body. 

b. pressure, streteh, or vibration. 

e. pain from tissue damage. 

d. ehanges in temperature. 

2 . The true source of pain ean be 

diffìcult to identify because: 

a. injured tissues release several 
different ehemieals that 
stimulate the noeieeptors and 
trigger pain. 

b. deep body organs and 
structures don’t eontain pain 
fìbers. 

e. some pain signals travel to the 
thalamus while others travel to 
the limbie system. 

d. sensory impulses from 
different areas of the body 
often travel to the brain over 
the same pathway. 


3 . The sense of taste is ealled: 

a. gustation. 

b. olfaetion. 

e. equilibrium. 

d. eonvergenee. 

4 . Which inner ear structure 
eontains the structures for 
hearing? 

a. Vestibule 

b. Semicircular eanals 

e. Cochlea 

d. Auricle 

5 . Which eondition would cause a 
sensorineural hearing loss? 

a. Death of hair eells in the organ 
of Corti 

b. Fluid in the middle ear 

e. Fusion of the auditory ossieles 
d. impaeted cerumen 















6. Correct ansiver: b. The eustachian tube is a 
passageway from the middle ear to the 
nasopharynx; it does not respond to vibrations in 
the tympanie membrane. The bony labyrinth is 
the part of the temporal bone eontaining the 
structures of the inner ear. Perilymph moves in 
response to vibrations transmitted by the auditory 
ossieles through the oval window. 

7. Correct ansiver: b. Tears do not aid in the 
refraetion or transmission of light rays. Aqueous 
humor fills the anterior eavity. 

8. Correct ansiver: a. The eiliary body and ehoroid 
are parts of the middle vascular layer. The retina is 
part of the inner neural layer. 

9. Correct anstoer: d. Cataracts result from clouding 
of the lens. Astigmatism results from an uneven or 
asymmetrieal curvature of the eornea. Hyperopia, 
or farsightedness, results when light rays focus at a 
point behind the retina. 

10. Correct anstoer: a. All of the other deseriptions 
pertain to eones. 


6 . Vibration of the tympanie 
membrane triggers vibration in 
the: 

a. eustachian tube. 

b. auditory ossieles. 
e. bony labyrinth. 

d. perilymph. 

7 . Which is a normal function of 
tears? 

a. Aid in the refraetion of light 
rays 

b. Deliver oxygen and nutrients 
to the conjunctiva 

e. Transmit light rays to the 
eornea 

d. Fill the anterior eavity 

8 . The outermost layer of the eye 
is the: 

a. selera. 

b. eiliary body. 


e. ehoroid. 

d. retina. 

9 . What eondition results when the 
rate of absorption of aqueous 
humor through the eanal of 
Sehlemm is less than its 
production? 

a. Cataracts 

b. Astigmatism 

e. Hyperopia 

d. Glaucoma 

10 . Rods are: 

a. aetive in dim light. 

b. eoneentrated in the eenter of 
the retina. 

e. responsible for eolor vision. 

d. primarily responsible for sharp 
vision. 



. Go to http://davisplus.fadavis.com Keyvvord: 

L/ftVÌSr lAÀfa | Thompson to see all ofthe resources available 

with this ehapter. 
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CHAPTER OUTLINE 

Overview of the Endoerine System 
Hormones 

The Pituitary Gland and Hypothalamus 

Pineal Gland 

Thymus 

Thyroid Gland 

Parathyroid Glands 

Adrenal Glands 


Panereas 


Gonads 


Other Endoerine Cells and Chemicals 


LEARNING OUTCOMES 

1. Define hormone. 

2. List the organs of the endoerine system. 

3. Differentiate between the aetions of the 
endoerine system and the nervous system. 

4. eompare and eontrast the ehemieal makeup 
and aetions of steroid and nonsteroid 
hormones. 

5. Deseribe the anatomieal relationship between 
the pituitary gland and hypothalamus. 

6. Identify the hormones, as well as the aetions of 
the hormones, seereted by both the pituitary 
gland and the hypothalarrms 

7. Explain how pituitary seeretions are eontrolled 
by the nervous system as well as by negative 
feedbaek. 


8. Deseribe the structure and loeation of the 
major endoerine glands. 

9. Identify the hormones seereted by the major 
endoerine glands and deseribe their functions. 







speeialized eells throughout the body. These glands and eells 
seerete ehemieals (ealled hormones) that influence almost 
every eell and organ in the body. Hormones determine, 
among other things, when you feel hungry or full, whether 
you’re fat or thin, how you handle stress, and even how you 
sleep. 

The endoerine and nervous systems often work hand-in- 
hand to promote communication between eells, allowing them 
to eoordinate and integrate their aetivities. Although they 
share a eommon goal—homeostasis—their methods for 
aeeomplishing this vary. For example, the nervous system uses 
lightning-fast eleetrieal signals to communicate, making it the 
ideal ehoiee to oversee such time-sensitive proeesses as 
breathing and movement. In eontrast, the endoerine system 
communicates through slower-acting hormones, plaeing it in 
eharge of body proeesses that happen more slowly, such as eell 
growth. 


Pineal 


Parathyroids 


Thymus 


Adrenals 




ST FACT 


The study of the endoerine 
system and the diagnosis and 
treatment of its disorders is 
ealled endoerinology. 


Ovaries 

(female) 


Testes 

(male) 



Hypothalamus 

Pituitary 


Thyroid 


Panereas 





















































Overview of the Endoerine System 


The endoerine system eonsists of the glands shown in the figure on the previous page as well as clusters of hormone- 
seereting eells in various organs, including the brain, heart, and small intestine. 
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The Body AT WORK 

Endoerine glands are ductless glands: theyseerete hormones direetly 
into the bloodstream. (In eontrast, exocrine glands seerete hormones 
into diiets, vvhieh, in turn, lead to a surface in some other loeation, 
such as the body's sarfaee—as in svveat glands—or the digestive 
traet—as in digestive enzymes.) Onee in the bloodstream, eaeh 
hormone travels throughout the body. In the proeess, the eells of 
many different organs are exposed to a particular hormone; hovvever, 
only eells having reeeptors for that hormone (ealled target eells) vvill 
respond. In other vvords, a hormone aets only on eells vvith reeeptors 
speeifie to that hormone; this is ealled speeifieity. 


FAST FACT 


Even after a stimulus eeases, the 
effeets of the endoerine system 
ean persist for days or even 
weeks. 


Comparison of Endoerine and Nervous Systems 

The aetions of the endoerine and nervous systems eomplement one another to ensure 
that the body maintains homeostasis. Their methods of aetion differ, though, as 
detailed below. 


Endoerine Target 

eells eells 



Bloodstream Hormone 


Endoerine system 

• Employs hormonesto relay messages 

• Distributes hormones throughout the body via the bloodstream 

• Responds slowly to stimuli (seeonds to days) 

• Exerts long-lasting effeets 

• Adapts slowly to continual stimulation 



Nervous system 

• Employs neurotransmitters to relay messages 

• Seeretes neurotransmitters into tiny spaee of a synapse 

• Responds to stimuli quickly (milliseeonds) 

• Exerts short-lived effeets 

• Adapts quickly to continual stimulation 



To differentiate betvveen endoerine and exocrine glands, 
remember: EXocrine glands have EXit routes (ducts) to an 
environment EXternal to themselves. ENDoerine glands 
seerete hormones vvithlN the body that END up in the 
bloodstream. 



































































Hormones 



Hormones ean be elassified as steroid or nonsteroid. Steroid hormones are synthesized from eholesterol; they ineliide male 
and female sex hormones as well as aldosterone (seereted by the adrenal cortex). Nonsteroid, or protein-based, hormones are 
synthesized from amino aeids. They ean be further divided into protein hormones (such as insulin), peptide hormones (such 
as antidiuretic hormone), or amino aeid derivative hormones (such as epinephrine and norepinephrine). Regardless of 
elassifieation, hormones travel through the bloodstream to stimulate speeifie target eells. The target eells may lie anywhere in 
the body: elose to the gland or far from it. 

Onee a hormone reaehes the target eell, it binds with a reeeptor to trigger ehanges within the eell. How this occurs, 
though, depends upon whether the hormone is a steroid or protein-based hormone. 


Blood 

vessel 



Steroid hormones, which are derived from eholesterol 
(a lipid), pass easily through a eell's membrane. 


Onee inside the eell, they bind to reeeptors in the 
nucleus assoeiated with the DNA.This triggers the 
synthesis of new proteins, which then alters 
metabolism in the eell. 


Protein-based hormones ean't penetrate the eell wall. 
Consequently, they bind to reeeptors on the eell 
surface.The binding of the hormone aetivates a 
seeond messenger system: a easeade of proeesses that 
results in the production of a seeond messenger. 


The seeond messenger aetivates speeifie enzymes. 


The enzymes influence cellular reaetions, producing 
the eell's response to the hormone. 





The Body AT WORK 

The more reeeptors a target eell has ,, the more sensitive it 
will be to a hormone. Likevvise, the fevver the reeeptors ,, 
the less sensitive it vvill be. Cells eonstantly ereate nevv 
reeeptors to replaee older ones. Furthermore, eells ean 
add to their reeeptors, making them more sensitive to a 
hormone. As an example, daring the final stage of 
pregnaney, eells in the uterus inerease their reeeptors for 
oxytocin, the hormone responsible for triggering aterine 
eontraetions daring ehildbirth. 


FAST FACT 


The body employs a number of 
seeond messenger molecules; 
however, the most prominent 
may be eyelie adenosine 
monophosphate, or eAMP. 

















































































Pitiiitary Gland and Hypothalamus 
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The pituitary gland—espeeially in conjunction with the nearby hypothalamus—exerts more influence on body proeesses 
than any other endoerine gland. 


The tiny, pea-sized pituitary gland sits 
just underneath the hypothalamus. It 
lies eradled in the sella turcica, a 
eavity within the sphenoid bone. 



A stalk ealled the infundibulum 
eonneets the hypothalamus and 
pituitary. 


Anterior Pituitary 

The anterior pituitary—the larger of the two pituitary glands—eonsists of 
glandular tissue. It synthesizes and seeretes a number of very important 
hormones, all under the direetion of the hypothalamus. 


Despite its small size, the pituitary gland is 
actually two distinet glands: the anterior 
pituitary, or adenohypophysis, and the 
posterior pituitary, or neurohypophysis. 

These two glands are made of different tissue, 
excited by different types of stimuli, and seerete 
different hormones. 


ANIMATION 0 



Neurons within the hypothalamus synthesize 
various hormones. Some, ealled releasing 
hormones, stimulate the anterior pituitary to 
seerete its hormones. Others, ealled inhibiting 
hormones, suppress hormone seeretion by 
the anterior pituitary. 


Hypophyseal 
portal 
system 


The neurons of the hypothalamus release their 
hormones into a system of blood vessels ealled 

the hypophyseal portal system. 


The blood travels straight to the anterior 
pituitary, where the hormones from the 
hypothalamus aet on target eells in the 
anterior pituitary. 


This stimulates the anterior pituitary to 
release, or to suppress the release of, eertain 
hormones into the general circulation. 
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Hormones ofthe Anterior Pitiiitary 



Most of the hormones prodiieed and seereted by the anterior pituitary are tropie 
(or trophie) hormones (so ealled because the hormone names end with the 
suffix -tropin or - tropie , such as gonado tropin, thyrotropin , ete.). Tropie hormones 
stimulate other endoerine eells to release their hormones, as shown in the 
illustration below. 


Thyroid-stimulating hormone (TSH), or 
thyrotropin, stimulates the thyroid gland 
to seerete thyroid hormone. 



Thyroid 

Prolaetin stimulates milk production 
in the mammary glands in females. In 
males, it may make the testes more 
sensitive to LH. 



Adrenal Mammary 



Adrenal gland 



Adipose 

tissue 




Testis 



Testis 


Growth hormone (GH), or somatotropin, 

aets on the entire body to promote protein 
synthesis, lipid and earbohydrate metabolism, 
and bone and skeletal muscle growth. 



Bone 



Ovary 



Luteinizing hormone 
(LH) —a gonadotropin— 
stimulates ovulation and 
estrogen and 
progesterone synthesis 
in females and the 
seeretion of testosterone 
by thetestes in males. 


Ovary 


Adrenoeortieotropie hormone (ACTH) 

stimulates the adrenal cortex to seerete 
eortieosteroids. 


Follide-stimulating hormone (FSH) —one of the 

gonadotropins—stimulates the production of eggs in 
the ovaries of females and sperm in the testes of males. 


Life lesson: Groivth hormone abnormalities 

The seeretion of too much growth hormone (hyperseeretion) during a ehild's growth years will trigger rapid, excessive 
skeletal growth, resulting in a eondition ealled gigantism. If the epiphyseal plates have already fused when the 
hyperseeretion occurs, eartilage will form new bone, causing the hands, feet, faee, and jaw to enlarge—a disorder ealled 
aeromegaly. 

In eontrast, a defieieney of growth hormone ( hyposeeretion) while a ehild is still growing will result in stunted growth. 
This is sometimes ealled pitaitary dwarfism.The eondition is usually treated with growth hormone injeetions. 








» J 




The Body AT WORK 

Follovving are some ofthe important hormones released by the hypothalamus. Eaeh aets on the anteriorpituitary to 
reiease, or suppress, a particular hormone. For example, thyrotropin-releasing hormone stimulates the anterior 
pituitary to release ofthyrotropin, also ealled thyroid-stimulating hormone; in turn, this hormone stimulates the 
thyroid to seerete thyroid hormone, or TFi. 

• Gonadotropin-releasing hormone: Promotes seeretion ofFSFi and LH 

• Thyrotropin-releasing hormone: Promotes seeretion ofTSFi 

• Corticotropin-releasing hormone: Promotes seeretion ofACTFI 

• Prolaetin-releasing hormone: Promotes seeretion ofprolaetin 

• Prolaetin-inhibiting hormone: Inhibits seeretion ofprolaetin 

• Grovvth hormone-releasing hormone: Promotes seeretion ofGFi 

• Somatostatin: Inhibits seeretion ofGFi and TSH 


































Posterior Pituitary 

Unlike the anterior pituitary, which is eomposed of glandular tissue, the posterior pituitary is made 
of neural tissue. Also, instead of synthesizing hormones as the anterior pituitary does, the posterior 
pituitary simply stores hormones synthesized by the hypothalamus. The hormones stored by the 
posterior pituitary are antidiuretic hormone (ADH) and oxytocin (OT). 



The nerve fibers that form the posterior 
pituitary originate in the hypothalamus. 


The hypothalamie neurons synthesize 
hormones, which they send down to the 
posterior pituitary to be stored. 


The posterior pituitary holds the 
hormones until stimulated by the 
nervous system to release them. 



Oxytocin stimulates eontraetion of the 
uterus during ehildbirth. It also triggers the 
release of milk from the breasts during 
laetation. 



Antidiuretic hormone (ADH) aets on the 
kidneys to reduce urine volume and 
prevent dehydration. ADH is also ealled 
vasopressin. (ADH will be discussed more 
in depth in Chapter 18 , ilrinary System.) 


Hormones of the Pituitary Gland 



Hormone 

Target 

Prineipal Effeets 

Anterior pituitary 

GH: Growth hormone 

Throughout body, ineluding liver, bone, 

Growth and the repair of tissue through the breakdown of 

(somatotropin) 

muscle, and fat 

proteins and fats 

PRL: Prolaetin 

Mammary glands 

Milk seeretion 

TSH: Thyroid-stimulating 

Thyroid gland 

Growth of the thyroid gland and seeretion of thyroid 

hormone 


hormone 

ACTH: Adrenoeortieotropie 

Adrenal cortex 

Growth of, and seeretion of eortieosteroids by, the adrenal 

hormone 


cortex 

FSH: Follicle-stimulating 

Ovaries; testes 

Female: Growth of ovarian follieles and seeretion of estrogen 

hormone 


Male: Sperm production 

LH: Luteinizing hormone 

Ovaries; testes 

Female: Ovulation; maintenanee of corpus luteum 

Male: Seeretion of testosterone 

Posterior pituitary 

ADH: Antidiuretic hormone 

Kidneys 

VVater retention 

OT: Oxytocin 

Uterus; mammary glands 

Stimulation of uterine eontraetions; stimulation of release of 
milk into ducts of mammary glands 



































Control of Pituitary Seeretions 

The pitiiitary gland does not release a steady flow of hormones. Rather, it releases hormones in 
phases or pulses. For example, growth hormone is mainly seereted at night, whereas LH surges in 
the middle of the menstmal eyele. The eentral nervous system plays a role in eontrolling hormone 
seeretion. So, too, do the target organs themselves through the proeess of negative feedbaek. 

Control by the Central Nervous System 

The brain eonstantly monitors eonditions both inside and outside the body. In 
turn, it triggers the release of hormones as needed. For example, when it’s eold, it 
triggers the release of TSH to promote body heat. After a hearty meal, it stimulates 
the seeretion of GH to break down fats for energy and use amino aeids to build 
tissue. 

Control by Negative Feedbaek 

When the pimitary stimulates another endoerine gland to seerete its hormone, that 
hormone is then fed baek to the pituitary, telling it to stop further release of the 
tropie hormone. This proeess is ealled negative feedbaek. Negative feedbaek loops 
are used extensively to regulate hormones in the hypothalamie-pimitary axis. The 
following figure illustrates the negative feedbaek proeess as it relates to the 
regulation of body temperature. 



ANIMATION © 




V 


Cold stimulates the 
hypothalamus to release 
thyrotropin-releasing 
hormone (TRH). 


Thyroid hormones 
stimulate metabolism, 
inereasing warmth. 


J 



TRH stimulates the anterior 
pituitary to release thyroid- 
stimulating hormone (TSH). 


v 


At the same time, the 
inereased thyroid 
hormone inhibits release 
of TSH by the pituitary. 




TSH stimulates the 
thyroid to release 
thyroid hormones. 


J 


FAST FACT 


The use of negative feedbaek to 
eontrol hormone seeretion, 
eombined with the faet that 
hormones have a limited 
lifespan, causes most hormones 
to be seereted in “pulses.” 
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Pineal Gland 



The pineal gland produces melatonin, a hormone that rises at night, when sunlight is absent, and falls during the day. High 
melatonin levels trigger sleepiness, making it a key faetor in the sleep-wake eyele. Although yet to be proven, seientists 
speculate that the pineal gland may also regulate the timing of puberty. 



Tucked in the eenter of the brain, 
on the roof of the brain's third 
ventriele, is the tiny, eone-shaped 
pineal gland. 


Hypothalamus 


Pituitary 

gland 


FAST FACT 


A number of people take supplemental 
melatonin orally to eombat jet lag or other 
sleep disorders. While the supplements are 
generally regarded as safe for short-term use, 
taking too much ean inerease ones risk for 
blood elots and seizures. 


Life lesson: Seasonal ajfeetive disorder 

Low levels of melatonin have been linked to mood disorders, particularly seasonalaffeetive disorder (SAD). 
Occurring during winter months, when exposure to sunlight is limited, people with SAD eomplain of sleepiness, 
depression, irritability, and earbohydrate eravings. Exposure to speeial high-intensity lights for several hours eaeh 
day often relieves symptoms. 



Thymus 


The thymus seeretes thymosin and thymopoietin, two 
hormones having a role in the development of the immune 
system. Although it seeretes hormones, making it a member of 
the endoerine system, the aetions of the hormones make the 
thymus part of the imrmrne system. (For more information on 
the thymus gland, see Chapter 16, Lymphatie & Immune 
Systems .) 


The thyrrms lies in the mediastinum just 
beneath the sternum. 


In ehildren, the thymus gland is large. Beginning in puberty, 
though, the gland starts to shrink. By the time one reaehes old 
age, the gland eonsists of mostly fat and fìbrous tissue. 


Larynx 


Thyroid gland 


Traehea 



Heart 





































Thyroid Gland 



The largest endoerine gland, the thyroid, eonsists of two large lobes eonneeted by a narrow band of 
tissue ealled the isthmus. 



Larynx 


lsthmus 


Traehea 



The thyroid gland resides in the neek, just 
below the traehea, where it is wrapped 
around the anterior and lateral portions of 
thetraehea. 



Thyroid tissue is made of tiny saes ealled thyroid follieles. 
Eaeh folliele is filled with a thiek fluid ealled thyroid eolloid. 
The eells lining the saes seerete the two main thyroid hormones: 
T 3 (triiodothyronine) and T 4 (thyroxine). Llnlike other glands, 
the thyroid gland ean store the hormones for later use. 


Cells between the thyroid follieles, ealled parafollicular eells, 
seerete another hormone ealled ealeitonin. Seereted in 
response to rising blood calcium levels, ealeitonin triggers 
the deposition of calcium in bone, thus promoting bone 
formation. The effeets of ealeitonin are particularly important 
in ehildren. 


Thyroid 

eolloid 






The Body AT WORK 

As previoiisly deseribed, TSH (released from the anterior 
pitriitary) stimulates the release ofthyroid hormone (TH) from 
the thyroid gland. The overall effeet ofTH is to inerease the 
body's metabolie rate, vvhieh, in turn, inereases heat 
production. (This explains why TH is released when the body is 
exposed to eold.) Just a few ofthe other effeets ofTH are 
inereased rate and strength of heart eontraetions, inereased 
respiratory rate, and inereased appetite. TH is also erneial for 
growth and development: itpromotes the developmentof 
bone; the nervous system; and skin, hair, nails, and teeth. 


FAST FACT 


The abbreviations T3 and T4 
refer to the number of iodine 
atoms in eaeh hormone: T3 
has three iodine atoms while 
T4 has four. 






















































Life lesson: Thyroid disorders 

A rmmber of signifieant disorders develop from hyper- or hyposeeretion of thyroid hormone. If a ehild is 
born without a thyroid gland, the laek of thyroid hormone (TH) leads to eretinism: a eondition eharaeterized 
by retarded growth and sexual development, a low metabolie rate, and mental retardation. If the 
hyposeeretion develops later in life, a lowered metabolie rate causes weight gain, hair loss, and fatigue. If 
hypothyroidism is severe or prolonged, a eondition ealled myxedema may result, which involves swelling 
and firmness of the skin. 

Hyperseeretion of TH stinrmlates the body's metabolism, resulting in a eondition ealled Graves'disease. 
Thought to be due to an autoimmune disorder, Graves'disease causes unexplained weight loss, inereased 
heart rate, nervousness, and exophthalmos —a protmsion of the eyeballs due to swelling of tissue behind 
the eye. 

An enlarged thyroid gland due to a dietary defieieney of iodine is ealled simple goiter. lodine is the basis 
for TH. Without enough iodine, the production of TH falls. Consequently, the anterior pituitary never reeeives 
a negative feedbaek message to stop producing TSH. Not only that, because TH levels are low, the anterior 
pituitary tries to stinrmlate the thyroid even more by seereting greater levels of TSH. Instead of triggering the 
production ofTH (which the thyroid gland ean't do without enough iodine), theTSH stinrmlates growth of 
thyroid tissue, leading to thyroid enlargement and goiter. 



Parathyroid Glands 



Loeated on the posterior surface of the thyroid are four parathyroid glands. These glands seerete parathyroid hormone 
(PTH) in response to low blood levels of calcium. 


Thyroid 




The parathyroid glands are embedded in the 
posterior lobes of the thyroid. Most people 
have four parathyroid glands, but the number 
of glands, as well as their loeations, ean vary. 



FAST FACT 




Posterior view 


The margin of safety for blood 
calcium levels is so narrow that a 
drop in blood calcium levels as 
small as 1 % causes the seeretion 
ofPTH to double. 


PTH is the main hormone the body uses to maintain normal levels of calcium in the blood. Normal nerve and muscle 
hmetion, blood elotting, eell membrane permeability, and the hmetion of eertain enzymes all depend on adequate levels of 
calcium. 

















In an effort to aehieve calcium homeostasis, PTH exerts its influence on the bones, kidneys, and intestines: 



PTH inhibits new bone formation while stimulating 
the breakdown of old bone, causing calcium (and 
phosphate) to move out of bone and into the blood. 



PTH encourages the kidneys to reabsorb calcium 
bloeking its excretion into the urine—while 
promoting the seeretion of phosphate. PTH also 
prompts the kidneys to aetivate vitamin D, 
neeessary for intestinal absorption of calcium. 



After its aetivation by the kidneys, vitamin D allows 
the intestines to absorb calcium from food; the 
calcium is transported through intestinal eells and 
intothe blood. 


FAST FACT 


Ninety-nine pereent of the 
body s calcium is found in 
the bones. 


Calcium Homeostasis 

Calcitonin (seereted by the thyroid) has antagonistie effeets on PTH. The 
interaetion of these two hormones helps the body aehieve calcium homeostasis 


ANIMATION © 




Blood Ca 2+ 







Thyroid 

releases 

ealeitonin 



J 


Ca 2+ moves 
from blood 
to bone 


Blood Ca 2+ 

levels 

deerease 


Regulation of blood 
calcium levels 
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Normal blood 



calcium levels 


V 


J 






Blood Ca 2+ 
defieieney 
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Parathyroid 
releases PTH 





Ca 2+ moves from 
bones, kidneys, 
and intestines 
to blood 


J 
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Blood Ca 2+ 

levels 

inerease 
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Life lesson: Calcium abnormalities 

Calcium ions normally contribute to the differenee in polarity aeross the eell 
membrane (with the outer surface of the membrane having a positive eharge and the 
interior having a negative). When calcium is in short supply, the eharge differenee 
lessens, and sodium ions ean more easily enter the eell. As was discussed in the last 
ehapter, it's the inflow of sodium that excites nerve and muscle eells. 

So, in a calcium defieieney (hypoealeemia), nerve and muscle eells beeome more 

excitable.The excessive excitation leads to 
muscle tremors, spasms, or tetany —the 
sustained eontraetion of a muscle. In faet, a 
eardinal sign of hypoealeemia is a tetany of 
the hands and feet ealled earpopedalspasm. 
As shown here, the nrmseles of the hands 
eontraet tightly, unable to relax. (Similar 
eontraetions occur in the feet.) If calcium 
levels drop further, the muscles of the larynx 
ean spasm enough to stop airflow. 

When the blood eontains too many 
calcium ions (hyperealeemia), the excess 
calcium ions bind to the eell's surface. Fewer sodium ions flow in and the eell beeomes 
less responsive, resulting in such symptoms as muscle weakness, sluggish reflexes, 
and, in severe eases, eardiae arrest. 




FAST FACT 


Tetany from hypoealeemia 
typieally occurs following the 
aeeidental removal of the 
parathyroid glands during 
thyroid surgery. 


Hormones of theThyroid and Parathyroid Glands 



Hormone 

Target 

Prineipal Effeets 

Thyroid 

Triiodothyronine (T 3 ) and 
thyroxine (T 4 ) 

Mosttissues 

inereases rate of metabolism 

Calcitonin 

Bone 

inereases deposition of Ca 2+ in bones, 
lowering blood Ca 2+ levels 

Parathyroid 

Parathyroid hormone (PTH) 

Bone, kidneys 

inereases blood Ca 2+ levels by inereasing 
removal of Ca 2+ from bone, reducing 
urinary excretion of Ca 2+ , and inereasing 
absorption of Ca 2+ by the intestines 























Adrenal Giands 




The adrenal glands pereh on the top of eaeh kidney. Instead of being one gland, though, eaeh adrenal gland is actually two 
distinet glands. The inner portion—ealled the adrenal medulla—eonsists of modified neurons and functions as part of the 
sympathetie nervous system. The outer portion—ealled the adrenal cortex—is glandular tissue and seeretes steroid 
hormones ealled eortieosteroids. 



Adrenal 

gland 


Kidney 


Adrenal Cortex 


The adrenal cortex eonsists of three 
layers of glandular tissue, which are 
shown below. Eaeh layer seeretes a 
different eortieosteroid. 


Zona glomemlosa (the 
outermost layer): Seeretes 

mineraloeortieoids 


Adrenal Mediilla 

The adrenal medulla eontains modified 
neurons (ealled ehromaffin eells) that aet as 
part of the sympathetie nervous system. 
These eells seerete eateeholamines 
(speeifieally, epinephrine and 
norepinephrine) in response to stimulation. 
Catecholamines: 

• Preparethe bodyfor physieal aetivity by 
inereasing heart rate and blood pressure, 
stimulating circulation to the muscles, and 
dilating the bronehioles; to maximize 
blood flow to the areas needed for physieal 
aetivity, they also inhibit digestion and 
urinary production. 

• Boost glucose levels (a source of fuel) by 
breaking down glyeogen into glucose 
(glyeogenolysis) and eonverting fatty 
aeids and amino aeids into glucose 

(gluconeogenesis). 


Capsule of 
eonneetive 
tissue 


Adrenal medulla 


Zona fasciculata (the 
middle layer): Seeretes 

glucocorticoids 


Zona reticularis (the 
innermost layer): Seeretes 

sex steroids 


Classes ofHormones Seereted by Adrenal Cortex 

The hormones seereted by the adrenal cortex fall into one of the following three elasses. 


Mineraloeortieoíds 

• The prineipal 
mineraloeortieoid is 
aldosterone. 

• Aldosterone aets on the 
kidneys to promote 
Na + retention and K + 
excretion. 

• In turn, it also causes water 
retention. 

(For more information on 
aldosterone, see ehapter 19, 
Fliiid, Eleetrolyte, &Acid-Base 
Balanee .) 


Gliieoeortieoids 

• The prineipal glucocorticoid is 

eortisol. 

• Glucocorticoids help the body adapt to 
stress and repair damaged tissue by 
stimulating the breakdown of fat and 
protein, eonverting fat and protein to 
glucose, and releasing fatty aeids and 
glucose into the blood. 

• They have an anti-inflammatory effeet. 

• They also suppress the immune system 
if seereted over a long term. 

• Glucocorticoids are essential for 
maintaining a normal blood pressure. 


Sex Steroids 

• Sex steroids include a weakform of androgen that is 

eonverted to the more potent androgen testosterone. 

• The testes produce much more testosterone, making this 
an unimportant source of testosterone in men. 

• Androgens stimulate development of pubic and axillary 
hair and sustain sex drive (libido) in both sexes. 

• The sex steroids also include small amounts of 

estrogen. 

• Because the amount is small, it has little importanee 
during reproductive years. 

• However, it is the only source of estrogen after 
menopause. 


FAST FACT 


Glucocorticoids affeet nearly 
every eell in the body. 
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Life lesson: Adrenal disorders 

Hyperseeretion of eortisol from the adrenal gland results in a eolleetion of 
symptoms ealled Cushing syndrome. Classic symptoms include a"moon face"(a 
rounded faee) and a "buffalo hump" (a hump between the shoulders resulting 
from a redistribution of body fat). Because excess eortisol also disrupts 
earbohydrate and protein metabolism, other symptoms include hyperglyeemia, 
nrmsele weakness, and edema. The breakdown of protein causes muscle wasting 
and loss of bone mass, while the retention of sodium and water leads to 
hypertension. 

The hyperseeretion of adrenal androgens often aeeompanies Cushing 
syndrome.This results in premature puberty in ehildren and the development of 
masculine eharaeteristies (deepening voiee, inereased body hair, and the 
development of faeial hair) in women. 

Hyposeeretion of mineraloeortieoids and glucocorticoids occurs in a disorder 
ealled Addison'sdisease, also ealled adrenal eortieal insufficiency. Symptoms 
include a loss of fluid and eleetrolytes, weakness, muscle wasting, dehydration, 
and weight loss. Without treatment, adrenal insufficiency is life threatening. 




Hormones of the Adrenal Glands 





Hormone 

Target 

Adrenal medulla 


Epinephrine 

Most tissues 

Norepinephrine 

Most tissues 

Adrenal cortex 


Aldosterone 

Kidney 

Cortisol 

Most tissues 


Adrenal androgens 


Adrenal estrogens 


Sex organs 



Sex organs 


Prineipal Effeets 


Enhanees the effeets of the sympathetie 
nervous system 

Enhanees the effeets of the sympathetie 
nervous system 


Promotes Na + retention and K + excretion, 
which leads to water retention 

Stimulates the breakdown of fat and protein 
and the eonversion of fat and protein to 
glucose; enhanees tissue repair; anti- 
inflammatory; in large amounts, inhibits the 
immune system 

Promotes growth of pubic and axillary hair; 
sex drive 

Physiologieally insignifieant 


FAST FACT 




Prolonged stress resiilts in inereased 
blood levels of eortisol, which, in turn, 
leads to immune system dysfimetion. 
One reason this occurs is that high 
eoneentrations of eortisol cause 
lymphatie tissues to atrophy and the 
numbers of white blood eells to 
deeline. 


Life lesson: 

Changes with Aging 

With age, some target tissues beeome less sensitive to their 
eontrolling hormone. The amount of hormone seereted may 
ehange, and the hormone may be metabolized more slowly. 
Following are some eommon effeets of age on the endoerine 
system: 

• The thyroid gland beeomes more nodular, leading to a 
deerease in seeretion of thyroid hormones and a deerease in 
metabolism. 

• ehanges in levels of parathyroid hormone may contribute to 
osteoporosis. 

• Cells beeome less sensitive to insulin after age 50, which 
leads to a gradual rise in fasting blood glucose levels. 

• Seeretion of growth hormone deereases, resulting in 
deereased muscle mass and an inerease in fat storage. 
















Panereas 




The panereas is somewhat unique in that it eontains both endoerine and exocrine tissues. The vast majority of the panereas 
aets as an exocrine gland, but a small pereentage serves an important endoerine function. (For more information on the role 
of the panereas as an exocrine gland, see Chapter 20, Digestive System.) 


Stomaeh 


Liver 


The panereas lies just behind the stomaeh, 
with its head tucked in the curve of the 
beginning of the small intestine (duodenum) 
and its tail reaehing to the spleen. 



Exocrine eells, ealled aeini, seerete 
digestive enzymes into ducts that 
drain into the small intestine. 


Alpha eell 
Beta eell 
Delta eell 


Interspersed with the exocrine eells are 
clusters of endoerine eells; these eells are 
ealled panereatie islets or the islets of 
Langerhans.The panereatie islets eontain 
several different types of eells, the main 
ones being alpha eells, beta eells, and delta 



FAST FACT 


The panereas eontains 
1 to 2 million 
panereatie islets, and 
yet, they constitute 
only about 2% of all 
panereatie tissue. 



The Body AT WORK 

The body must eonstantly 
work to keep blood q\ucose 
levels steady. Iflevels fall too 
ìow, eells won'thave 
enough fuel. On the other 
hand, too much glucose 
will trigger disorders such as 
autoimmune disease or 
panereatitis. 


Alpha Cells 

Alpha eells seerete the hormone 
glucagon. Between meals, when blood 
glucose levels fall, glucagon stimulates 
liver eells to eonvert glyeogen into glucose 
and also to eonvert fatty aeids and amino 
aeids into glucose (gluconeogenesis).The 
resulting glucose is released into the 
bloodstream, causing blood glucose levels 
to rise. 


Beta Cells 

Beta eells seerete the hormone insulin. 
After eating, the levels of glucose and 
amino aeids in the blood rise. Insulin 
stimulates eells to absorb both of these 
nutrients, causing blood glucose levels to 
fall. 


Delta Cells 

Delta eells seerete somatostatin, a 

hormone that works within the panereas to 
regulate the other endoerine eells. 
Speeifieally, it inhibits the release of both 
glucagon and insulin. It also inhibits the 
release of growth hormone. 






























































Regiilation of Blood Glucose 

Two of the major panereatie hormones—insulin and glucagon—have opposite 
effeets on levels of blood glucose, which helps maintain blood glucose levels within 
a normal range. 


ANIMATION 



© 

After eating, blood glucose levels rise as glucose flows 
from the digestive traet into the bloodstream. 



Glucose 



High glucose levels stimulate the beta eells of the 

panereas to seerete insulin. 


© 


lnsulin triggers two reaetions: 

• It stimulates the eells to take up more glucose. 

• It causes the liver to take up glucose and store 

it as glyeogen. 

The eombined result is that glucose levels return to normal levels 



Glucose 



When blood glucose levels drop below a eertain point 
(such as after skipping a meal), the alpha eells of the 

panereas release glucagon into the blood. 



Glucose 



Glucagon stimulates the liver to break down stored 
glyeogen into glucose, which it then releases into the 
bloodstream.This causes blood glucose levels to rise. 



Glucose 
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Life lesson: Diabetes mellittis 

One of the most eommon endoerine disorders, the ineidenee of diabetes in the llnited States 
continues to rise. Aeeording to the Ameriean Diabetes Assoeiation, over 29 million 
Amerieans, or 9.3% of the population, have diabetes. Of those, thousands experience serious 
eomplieations: 810 people die, 230 undergo an amputation of a lower limb, 120 begin kidney 
dialysis or reeeive a kidney transplant, and 55 go blind eaeh day. What's more, it's estimated 
that about 6 million of the people with diabetes don't even know they have the disease. 

Diabetes results from an inadequate amount of insulin or from a diminished number of 
normal insulin reeeptors. Either way, without enough insulin, or without enough insulin 
reeeptors, glucose ean't enter eells. As a result, eells are deprived of their main energy source, 
and glucose builds up in the blood. This produces high levels of blood glucose 
(hyperglyeemia) —one of the eardinal signs of diabetes. 

High levels of blood glucose trigger a number of physiologieal ehanges that produce the 
elassie signs of this disease. For example, the kidneys normally filter blood plasma and 
eonvert it to urine; as it does, it removes glucose and returns it to the bloodstream. In 
hyperglyeemia, the high levels of glucose overwhelm the kidneys, and excess glucose"spills 
over" into the urine ( glycosuria ). 

To flush out this extra load of glucose, the kidneys produce more urine ( polyuria ). In turn, 
this dehydrates the body, triggering excessive thirst ( polydipsia ). In addition to drinking 
excessive quantities of fluids, people with untreated diabetes also experience continuous 
hunger (polyphagia). That's because, even though the blood is earrying an overabundant 
supply of glucose, the eells are starving because the glucose ean't enter. 

If left untreated, the body begins to burn protein and fat for energy. Besides causing 
fatigue and weight loss, this abnormal metabolism produces an aeidie byproduct ealled 
ketone bodies. As ketones accumulate, blood pH drops, causing aeidosis. Unchecked, this will 
progress to diabetie ketoaeidosis, causing symptoms such as nausea, vomiting, fruity odor of 
the breath, and possibly eoma and death. 

Diabetes also damages blood vessels (resulting in heart attaeks, strokes, deereased 
circulation in the extremities, and even blindness from damaged blood vessels in the retina) 
as well as nerves (resulting in numbness and tingling). Kidney disease is another eommon 
eomplieation. 


FAST FACT 


There are two main types of diabetes: type 1 and type 2. The eharaeteristies 
of eaeh type are otitlined in the table below. 


Adults with diabetes have 
heart disease death rates two to 
four times higher than adults 
without diabetes. 


Characteristics of Type 1 and Type 2 Diabetes Mellitus 




Type 1 Diabetes Characteristics 

Type 2 Diabetes Characteristics 

Average age at onset 

Before age 30 

Usually after age 40 

Rate of onset 

Rapid 

Gradual 

Pereent of all diabeties 

10% 

90% 

Cause 

Defieieney of insulin resulting from the 
destmetion of beta eells of the panereatie 
islets 

Loss of insulin reeeptors on target eells, 
leading to insulin resistanee 

Contributing faetors 

Uncertain; may be caused by autoimmune 
disease 

Heredity eombined with excess body weight 
and sedentary lifestyle; also more prevalent in 
Native Amerieans, Hispanies, and Afriean 
Amerieans 

Treatment 

Daily insulin injeetions Lifestyle ehanges may eontrol disease; if not, 

oral diabetie medieations or insulin injeetions 
may be used 

Type 1 diabetes was formerly ealled Type 2 diabetes was formerly ealled 

juvenile-onset diabetes or insulin-dependent maturity-onset diabetes or non-insulin- 
diabetes mellitus (IDDM) dependent diabetes mellitus (NIDDM) 







That Makes Sense 

Roiitine sereening for diabetes includes eheeking the 
urine for ghaeose and asking about the "three polys 
po!yuria f polydipsia, and polyphagia. To make sense of 
the names ofthe "three polys," remember this: 

• Poly- /5 a prefix meaning "much." 

• The suffix -uria sounds like urine f so polyuria means 
"much urine." 

• The suffix -phagia eomes from a Greek word 
meaning "eating."Forexample f dysphagia means 


// 


// 


difficultyeating,"while polyphagia means "much f or 
excessive eating. 

Thesuffix -dipsia eomes from a Greeksuffix meaning 
thirstTThinkoftaking a "dip"in a body ofwater; then 
make the eonneetion to polydipsia, or "drinking 
much water." 


// 


FAST FACT 


About 1 in 50 women develops 
diabetes during pregnaney. Called 
gestational diabetes , this form of 
diabetes usually disappears after 
the woman gives birth. 


FAST FACT 


Every year, 1.6 million new eases 
of diabetes are diagnosed in 
people aged 20 years and older. 



The Body AT WORK 



Diabetes damages both the cardiovascular 
and nervous systems. VVhile experts remain 
unclear as to why this occurs f it appears that 
ehronie hyperglyeemia triggers a metabolie 
reaetion thatdamages eells in small to 
medium-sized blood vessels. Vascular i /valls 
beeome thieker, restrieting blood flow. Nerves, 
which require an adequate supply ofblood 
to function f suffer isehemia and damage 
results. 


Sixty to seventy pereent of people with diabetes have some form of nerve damage. 
Nerve damage ean occur anywhere in the body, although nerves in the legs and feet 
are most frequently affeeted. The resulting loss of sensation in these areas makes 
patients unaware of minor injuries. Left untreated, these wounds ean beeome 
infeeted and even gangrenous, often requiring amputation. 


Hormones of the Panereatie Islets 



Hormone 

Target 

Prineipal Effeets 

Glucagon 

Primarily liver 

Stimulates the breakdovvn of the stored form of 
glucose for release into the bloodstream 

lnsulin 

Most tissues 

Stimulates the movement of glucose from the 
bloodstream into eells 

Somatostatin 

Panereatie eells 

Mainly helps regulate the seeretion of other 
hormones of the panereas 
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Gonads 


Gonads—the testes in males and the ovaries in females—are the primary sex organs. They produce sex hormones, which 
stimulate the production of sperm (in males) and eggs (in females). They also influence the development of seeondary sex 
eharaeteristies during puberty. (For further information, see Chapter 23, Reproductive Systems.) 


The eells of the ovarian folliele seerete estrogen Estrogen promotes the 
development of female eharaeteristies (such as breast development) and also 
contributes to the development of the reproductive system. 

After ovulation, the corpus luteum (the tissue left behind after a rupture of a 
folliele during ovulation) seeretes progesterone Progesterone, in eombination 
with estrogen, helps maintain the uterine lining during pregnaney. 




Speeialized eells within the testes seerete 
testosterone Testosterone triggers the 
development of male sexual eharaeteristies; 
it also sustains sperm production. 


Testis 


Other Endoerine Cells and Chemicals 

Not all hormones are seereted from speeifìe, well-defined glands. In faet, organs such as the heart, liver, kidneys, stomaeh, 
small intestines, and plaeenta eontain clusters of eells that seeret hormones. Just a few examples: 

• When stretehed by rising blood pressure, heart muscle eells seerete atrial natrinretiepeptide (ANP), a hormone that 
triggers ehanges to lower blood pressure. 

• The plaeenta seeretes estrogen, progesterone, and other hormones that help maintain a woman’s pregnaney. 

• The stomaeh seeretes several hormones that help regulate the digestive proeess. 

Also realize that hormones and neurotransmitters are not the only ehemieal messengers in the body. Certain eells in the 
body seerete other ehemieals that help regulate fìmetion. Perhaps the most signifìeant of these is prostaglandins. 

Prostaglandins 

Made by eells throughout the body, prostaglandins are lipid molecules that, like hormones, 
integrate the aetivities of other eells. Unlike hormones—which are released into the bloodstream so 
they ean influence the aetivities of widely separated organs—prostaglandins are released within the 
tissue where they are produced. As a result, instead of influencing aetivities in distant organs, 
prostaglandins influence the aetivities of neighboring eells. 

The body manufactures a multitude of different prostaglandins. The various prostaglandins play 
many roles. For example, some prostaglandins promote pain and fever, while others aet as 
vasodilators and vasoeonstrietors. They also are involved in inflammation, blood elotting, uterine 
eontraetion, reproduction, and digestion. 



Nonsteroidal anti-inflammatory drugs (NSAIDS), 
such as ibuprofen, relieve pain and fever by 
bloeking the synthesis of eertain prostaglandins. 


CHAPTER 12 Endoerine System 
















Review of Key Terms 



Adenohypophysis: Anterior pimitary 
gland 

Adrenal cortex: Outer portion of the 
adrenal gland that seeretes 
eortieosteroids 

Adrenal gland: Gland perehed on top 
of the kidney; eonsists of two distinet 
glands (the adrenal medulla and the 
adrenal cortex) 

Adrenal medulla: Inner portion of 
adrenal gland that functions as part of 
the sympathetie nervous 
system 

Catecholamines: Epinephrine and 
norepinephrine; seereted by the 
adrenal medulla 

Corticosteroids: Steroid hormones 
seereted by the adrenal cortex 

Endoerine gland: Ductless glands that 
seerete hormones direetly into the 
bloodstream 



Gonads: Primary sex organs, which are 
the testes in males and ovaries in 
females 

Graves'disease: Disorder resulting 
from hyperseeretion of thyroid 
hormone 

Hormones: Chemicals seereted by 
glands and speeialized eells of the 
endoerine system 

Neurohypophysis: Posterior pituitary 
gland 

Panereas: Seeretes digestive enzymes 
(exocrine function) as well as 
hormones used to regulate blood 
glucose levels (endoerine function) 

Parathyroid glands: Glands embedded 
on the posterior surface of the thyroid 
gland that seerete a hormone used to 
regulate blood calcium levels 

Pineal gland: Produces the hormone 
melatonin, which inereases at night 
and deereases during the day 


Pituitary gland: Small gland attaehed 
to the lower surface of the 
hypothalamus that seeretes a number 
of hormones that regulate many 
bodily proeesses; eonsists of an 
anterior and posterior lobe 

Target eells: Cells having reeeptors for 
a particular hormone 

Tetany: Sustained muscle eontraetion; 
may result from hypoealeemia 

Thymus: Seeretes hormones having a 
role in the development of the 
immune system 

Thyroid gland: Gland in the neek that 
seeretes hormones that affeet the 
bodys metabolie rate 


Own the Information 


To make the information in this ehapter part of your 
working memory, take some time to refleet on what youve 
learned. On a separate sheet of paper, write down 
everything you reeall from the ehapter. After you’re done, 
log on to the Davis/ 5 /^ website, and eheek out the Study 
Group podeast and Study Group Questions for the ehapter. 


Key Topies for Chapter 12: 

• Function of the endoerine system 

• Comparison of the endoerine and nervous systems 

• The elassifìeation and aetions of hormones 

• The relationship of the pituitary gland and hypothalamus 

• Hormones of the hypothalamus and pituitary gland 

• Control of pituitary seeretions by the eentral nervous 
system and negative feedbaek 

• The loeation, structure, and fìmetion of the pineal gland, 
thymus, thyroid gland, parathyroid glands, adrenal 
glands, panereas, and gonads 

• Other endoerine tissues and ehemieals 
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Answers: Chapter 12 

1 . Correct answer: b. Exocrine glands have ducts that 
earry their seeretions to the body’s stirfaee, while 
endoerine glands are dtietless glands that seerete 
their hormones into the bloodstream. The other 
eharaeteristies are true of endoerine glands. 

2. Correct anstver: b. Although the thyroid and 
adrenal cortex affeet important body proeesses, the 
pituitary influences a number of organs and 
proeesses. The limbie system is not part of the 
endoerine system. 

3. Correct ansioer: d. All of the other statements are 
eharaeteristies of the anterior pituitary. 

4. Correct ansioer: a. None of the other answers is a 
defìnition of negative feedbaek. 

5. Correct anstoer: e. Thyroid-stimulating hormone 
stimulates the seeretion of thyroid hormone by the 
thyroid gland, which, in turn, would boost 
metabolism and heat production. Growth 
hormone promotes growth and tissue repair. 
ACTH stimulates the seeretion of eortieosteroids 
by the adrenal cortex. Prolaetin stimulates milk 
seeretion by the mammary glands. 

6. Correct answer: d. Aeeidental removal of the 
parathyroid glands during thyroid surgery triggers 
hypoealeemia. Graves’ disease is the result of 
hyperseeretion of thyroid hormone. Goiter is an 
enlarged thyroid gland due to a dietary defìeieney 
of iodine. Hyperealeemia would result from 
excessive seeretion of parathyroid hormone. 

7. Correct answer: e. The prineipal glucocorticoid is 
eortisol, which helps the body adapt to stress. The 
prineipal mineraloeortieoid is aldosterone, which 
aids in water retention by the kidneys. 
Catecholamines are seereted by the adrenal 
medulla, not the adrenal cortex. Sex steroids 
stimulate the development of seeondary sex 
eharaeteristies. 

8. Correct answer: e. The other glands eontain only 
endoerine tissue. 

9. Correct answer: a. Glucagon stimulates the liver to 
break down stored glyeogen into glucose. Falling 
blood glucose levels stimulate the panereas to 
release glucagon into the blood. Glucagon triggers 
the eonversion of fatty aeids and amino aeids into 
glucose. 

10. Correct answer: e. Hyperseeretion of growth 
hormone during a ehild’s growth years causes 
gigantism. Hyposeeretion of growth hormone 
during a ehild’s growth years causes pituitary 
dwarfìsm. Myxedema is a eondition involving 
swelling and fìrmness of the skin as a result of 
prolonged or severe hypothyroidism. 


1. Which is a eharaeteristie of 
exocrine glands? 

a. They seerete hormones into 
the bloodstream. 

b. Ducts earry their seeretions to 
the bodys surface. 

e. They exert a long-lasting effeet. 

d. They respond slowly to 
stimuli. 

2 . Which endoerine gland 
influences more body proeesses 
than any other endoerine gland? 

a. Thyroid 

b. Pituitary 

e. Adrenal cortex 

d. Limbie system 

3 . A key differenee between the 
anterior and posterior pituitary is 
that the posterior pituitary: 

a. eonsists of glandular tissue. 

b. seeretes hormones under the 
direetion of the hypothalamus. 

e. reeeives hormones from the 
hypothalamus via the 
hypophyseal portal system. 

d. stores hormones released from 
the hypothalamus. 

4 . Negative feedbaek is a proeess by 
which: 

a. a hormone is fed baek to the 
pituitary, telling it to stop 
further release of that 
hormone. 

b. the defieieney of a eertain 
hormone stimulates a gland to 
release more of that hormone. 

e. the eentral nervous system 
monitors the eonditions inside 
and outside of the body and, in 
mrn, triggers the release of 
hormones as needed. 

d. hormone levels fall 

precipitously, triggering shoek. 


5 . Cold temperamres are most likely 
to stimulate the release of which 
hormone by the anterior pimitary? 

a. Growth hormone 

b. ACTH 

e. Thyroid-stimulating hormone 

d. Prolaetin 

6 . Following thyroid surgery, a 
patient is most at risk for which 
disorder? 

a. Graves’ disease 

b. Goiter 

e. Hyperealeemia 

d. Hypoealeemia 

7 . To help the body eope with 
stress, the adrenal cortex seeretes 
which elass of hormones? 

a. Mineraloeortieoids 

b. Catecholamines 

e. Glucocorticoids 

d. Sex steroids 

8 . Which gland has more exocrine 
than endoerine tissue? 

a. Thyroid gland 

b. Adrenal gland 

e. Panereas 

d. Thymus 

9 . The ehief role of insulin is to: 

a. stimulate eells to take up more 
glucose. 

b. stimulate the liver to break 
down stored glyeogen into 
glucose. 

e. stimulate the panereas to 
release glucagon into the 
blood. 

d. trigger the eonversion of fatty 
aeids and amino aeids into 
glucose. 

10. A hyperseeretion of growth 
hormone during adulthood 
causes: 

a. gigantism. 

b. pimitary dwarfìsm. 

e. aeromegaly. 
d. myxedema. 



■ <->1 Go to http://davisplus.fadavis.com Keyword: 

L/3VÌSr lAÀ&l | Thompson to see all ofthe resources available 

with this ehapter. 
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CHAPTER OUTLINE 

Components of Blood 
Blood Cell Formation 
Red Blood Cells 
White Blood Cells 

Platelets and the Control of Bleeding 
BloodTypes 


LEARNING OUTCOMES 

1. List the major eomponents of blood. 

2. Explain how blood eells are produced. 

3. Deseribe the structure and function of red 
blood eells. 

4. Deseribe the structure and function of 
hemoglobin. 

5. Summarize the life eyele of red blood eells. 

6. Explain the function of white blood eells in 
general as well as the speeifie role of eaeh type 
of white blood eell. 

7. Deseribe the formation and function of 
platelets. 

8. Discuss the meehanisms for eontrolling 
bleeding. 

9. Deseribe the two pathways that result in the 
formation of a blood elot. 

10. Explain how a blood elot is dissolved. 

11. List the ABO and Rh blood types and explain 
how blood type relates to transfusion 
eompatibility. 

12. Deseribe the effeets of Rh ineompatibility 
between a mother and a fetus. 








The blood ofan average adult meastires about 5 liters and 
aeeotints for 7% ofbody weight. 


For centuries, seientists and philosophers alike have regarded blood as the fluid of life. It has only been sinee the invention 
of the mieroseope, however, that the complexity of this vital fluid has beeome apparent. Blood is actually a eonneetive tissue 
eonsisting of several types of eells in eombination with fluid: a tissue with a fluid matrix. Its fluid eomposition allows blood 
to function as no other eonneetive tissue ean. Instead of staying fìxed in one loeation, blood ean move. In faet, its main 
fìmetion is to serve as a transport medium as it makes endless, frequent laps around the body. Blood delivers oxygen and 
removes waste products from the body’s eells; it delivers nutrients, hormones, enzymes, and many other eritieal substances 
to points throughout the body; it plays multiple roles in proteeting the body against infeetion; it helps stabilize the body’s 
aeid-base balanee; it also helps regulate body temperature. 

By analyzing the eomponents of blood, one ean gain clues about diseases and disorders throughout the body, which is 
why blood tests are performed more often than any other medieal test. Interpreting those results, though, depends upon a 
solid understanding of the eomponents and fìinetions of blood. 

Components of Blood 


When a sample of blood is spun down in a centrifuge, its two main eomponents beeome apparent. 


Plasma is the elear, extracellular matrix of this liquid 
eonneetive tissue. It accounts for 55% of blood. 


Formed elements —vvhieh include eells and eell 
fragments—make up 45% of blood. Speeifie blood eells 
include erythroeytes (red blood eells, or RBCs), 
leukocytes (vvhite blood eells, or WBCs), and platelets. 



The main eomponent of plasma is vvater; hovvever, plasma 
also eontains proteins (the main one being albumin), 
nutrients, eleetrolytes, hormones, and gases. Plasma 
proteins play roles in blood elotting, the immune system, 
and the regulation of fluid volume. Plasma without the 
elotting proteins (which occurs when blood is allowed to 
elot and the solid portion is removed) is ealled serum. 

WBCs and platelets form a narrow buff-colored band just 
underneath the plasma. Called the buffy eoat, these eells 
constitute 1% or less of the blood volume. 

RBCs are the heaviest of the formed elements and sinkto 
the bottom of the sample.They account for most of the 
formed elements.This value—the pereentage of eells in a 
sample of blood—is ealled the hematoerit. 
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The Body AT WORK 

An importantproperty ofblood—determined by the eombination ofplasma and blood eells—is viseosity. Basieally, 
viseosity refers to how thiekorstiekyafliiid is. The more viscous a fluid, the thiekeritis. (Forexample, honeyis more viscous 
than water.) VVhole blood is normally five times as thiek as water, mainly due to the presenee ofRBCs. Ifthe namberof 
RBCs drops, blood beeomes "thinner," or less viscous, eaasing it to flow too rapidly. Too many RBCs inerease viseosity, 
making blood flowsluggish. Left untreated, eithereondition ean cause cardiovascularproblems. 







































PARTIV Maintenanee of the Body 



Blood Cell ormation 


The body works continually to replaee blood eells that are old or damaged or that have been used up in body proeesses. The 
production of blood is ealled hemopoiesis; tissues that produce blood eells are ealled hemopoietie tissues. The body has two 
types of hemopoietie tissue: red bone marrow and lymphatie tissue. 

• Red bone marrow—found in the ends of long bones and 
in flat irregular bones such as the sternum, eranial bones, 
vertebrae, and pelvis—produces all types of blood eells. 

• Lymphatie tissue—found in the spleen, lymph nodes, 
and thymus gland—supplement blood eell production 
by producing lymphoeytes, a speeifìe type of WBC. 



An adult normally produces 400 billion 
platelets, 200 billion RBCs, and 20 
billion WBCs every day. 


All blood eells ean traee their beginnings to a speeifie type of bone marrovv eell 
ealled a stem eell (also ealled a pluripotent stem eell). Stem eells are iinspeeialized 

eells that give rise to immatiire red blood eells, vvhite blood eells, and 

platelet-prodiieing eells. 


Stem eell 







Myeloblast 


Lymphoblast Monoblast 






The “offspring” of the stem eell divide further, ultimately beeoming a mature red blood eell, vvhite blood eell, or platelet. 



Reticulocyte 
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Erythroeytes 
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Progranulocyte 




Eosinophil 


Neutrophil 
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Agranulocytes 



Megakaryoeyte 
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Red blood eells 
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Red Blood Cells 



Charged with delivering oxygen to eells and removing earbon dioxide, red blood eells, or erythroeytes, are eritieal to 
survival. Blood eontains more RBCs than any other formed element. 



A single droplet of blood eontains 
about 5 million erythroeytes. 




The eytoskeleton of the RBC eontains stretehable fibers that make it flexible, allowing it to fold and streteh as it squeezes 
through tiny eapillaries. When the eell emerges from the tight eonfines of a narrow vessel, it springs baek to its original 
shape. 

Hemoglobin 

Over a third of the interior of a RBC is filled with hemoglobin—a red pigment that gives blood its eolor. 


Hemoglobin eonsists of four ribbon-like protein ehains ealled 

globins. 


Bound to eaeh globin is an iron-eontaining molecule ealled 

heme. 


Eaeh heme molecule ean eombine with one molecule of 
oxygen; therefore, one hemoglobin molecule ean unite 
with four molecules of oxygen to form oxyhemoglobin 
(Hemoglobin also earries C0 2 , but, instead of binding with 
heme, C0 2 binds with globin.) (For more information about gas 
transport by hemoglobin, see ehapter 17, Respirotory 
System.) 




\ 



Eaeh red blood eell eontains 
200 to 300 million molecules of 
hemoglobin. 



CHAPTER 13 Blood 
























The Body AT WORK 

How much oxygen the blood ean earry depends on the quantity of 
red blood eellsand hemoglobin iteontains. That's why someofthe 
most eommonly performed blood tests measare hematoerif 
hemoglobin eoneentration, and RBCcount. Normal values vary 
between men and women, as shown below: 

• Hematoerit : Female: 37%-48%; Male: 45%o-52%o 

• Hemoglobin: Female: 72-/6g/d/;Male: 13-18 g/dl 



• RBCcount : Female: 42-5.4 million/meL; Male: 4.6-62 
million/meL 

Differenees in blood values between men and women result because 
ofseveral faetors. Men have higher levels ofandrogens, and 
androgens stimulate RBCproduction. Also, women ofreproductive 
age lose blood through menstmation, i /vhieh lowers blood eell 
counts. Finally, women typieally have more body fat than men, and 
the higher the body fat eontent, the lower the hematoerit level. 


FAST FACT 






he study of blood is ealled 

hematology. 



FAST FACT 


The eolor of blood always remains 
within the red spectrum: bright red 
when oxygenated and a deep maroon 
when deoxygenated. Blood is never 
blue. 




The Body AT WORK 

The oxygen-carrying eomponent of hemoglobin eontains iron. 
Consequently ; an adequate supply ofdietary iron is erneial for 
hemoglobin synthesis. Because ofthe loss ofblood through 
menstmation, women ofreproductive age have the highest 
nutritional requirement for iron. Other nutritional requirements 
for red blood eell formation include vitamin B 12/ folie aeid, and 
vitamin C. 


Life lesson: Siekle eell disease 


Siekle eell disease is an inherited blood disorder 
involving hemoglobin. Affeeted RBCs are stiff rather 
than flexible; as they try to squeeze into narrow blood 
vessels, they ean't fold over like a normal RBC. Instead, 
their shape beeomes distorted: the eells elongate and 
the ends point, making them look somewhat like a 
siekle (which is where the disease gets its name). These 
distorted eells are also stieky, causing them to clump 
together and bloek small blood vessels. This deprives 
tissues of neeessary oxygen, resulting in intense pain. 
Other eomplieations of siekle eell disease include 
kidney or heart failure or stroke. 

If a person inherits the gene for the disease from 
only one parent, he will have siekle eell trait. People with 
siekle eell trait are generally healthy. If a person inherits 
the defeetive gene from both parents, siekle eell disease 
will result.The disease occurs mostly among people of 
Afriean deseent. 

























Life Cycle of Red Blood Cells 

Red blood eells circulate for about 120 days before they die, break up, and are consumed by 
phagoeytie eells in the spleen and the liver. In faet, 2.5 million RBCs are destroyed every seeond. 
While this is only a fraetion of the trillions of RBCs in the body, the body must eonstantly produce 
new RBCs to maintain homeostasis. The proeess of producing new erythroeytes—ealled 
erythropoiesis—is maintained through a negative feedbaek loop. 


ANIMATION @ 


V 


As damaged RBCs are 
removed from circulation, 
oxygen levels fall. 




As the number of RBCs 
inereases, oxygen levels rise. 
Less EPO is produced and 
RBC production deelines. 





The kidneys deteet the deelining 
levels of oxygen and respond 
by seereting a hormone ealled 
erythropoietin (EPO). 


(D 




EPO stimulates the red 
bone marrow to begin the 
proeess of ereating new 
erythroeytes. 





After one to two days, 
the reticulocyte beeomes 
a mature erythroeyte. 




An immature form of an 



erythroeyte, ealled a 
reticulocyte, is released 

into circulation. 


FAST FACT 


r The proeess of erythropoiesis 

takes three to five days. 




The Body AT WORK 

Atonygiven time, reticulocytes eomprise about0.5% to 1.5%) of 
the circulating RBCs. This namber rises, though, in eertain 
situations. Forexample, follovving blood loss, the body tries to 
produce more RBCs to make up for those that vvere lost. In its 
effort to eateh up, the bone marrovv releases an inereased 
namber of reticulocytes into the circulation. Another eommon 
cause ofinereased RBC production is a move to higher altitude, 
vvhere the atmosphere eontains less oxygen. The body 
eompensates for the lovver atmospherie oxygen by producing 
more red blood eells. 

In eontrast, a lovv reticulocyte countmay mean that fevver 
RBCs are being made by the bone marrovv, vvhieh may result from 
eertain types ofanemia or bone marrovv disorders. 
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Breakdovvn of Red Blood Cells 

As an RBC ages, its membrane weakens, beeoming fragile. As it passes through the narrow 
eapillaries in the spleen, it begins to break down. 


ANIMATION © 



Maerophages in the 


liver and spleen ingest and 
destroy old RBCs. 







In the proeess, hemoglobin is 
broken down into its two 
eomponents of globin and heme 


Heme 


Globin 




Globin is further 
broken down 
into amino aeids. 
_/ 




Heme is broken down into 
iron and bilimbin. 




Bilimbin 


r ^ 

The amino aeids are used 
for energy or to ereate new 

proteins. 





Iron is transported 
to the bone marrow, 
where it’s used to 

ereate new 
hemoglobin. 



Bilimbin is 
excreted into 
the intestines 
as part of bile. 




Bile in the intestines gives feees its brown eolor. 
Another pigment resulting from the breakdown of 
hemoglobin (ealled urochrome) gives urine its 
yellow eolor. 






» 
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The Body AT WORK 

When the destruction ofRBCs beeomes excessive 
(hemolysis), the body ean't readily assimilate the 
inereasedamounts ofbilimbin being produced. 
Instead ofbeing excreted into the intestines, the 
excess bilimbin enters the tissues f causing the skin 
and selera to take on ayellovvish hue. This 
eondition is ealled jaundice. 

Jaundice may also result from eonditions such 
as liver disease or bile duct obstruction that 
interfere with the flow ofbile into the intestines. 
Newborns f too, often developjaundice shortly 
after birth (a eondition ealled physiologieal 
jaundice). This occurs as their immatare livers 
begin the taskofelearing bilimbin from the blood. 




















































Life lesson: Polyeythemia 

When the rate at which new RBCs are being ereated exceeds the rate at which old ones are being destroyed, an 
imbalanee results. The state in which the body has an excess of RBCs is ealled polyeythemia. 

An abnormality in the red bone marrow, such as eaneer, is one possible cause of polyeythemia. In this instanee, 
the diseased marrow triggers overproduction of RBCs; this eondition is ealled polyeythemia vera. Another type of 
polyeythemia— seeondary polyeythemia —results when the body attempts to eompensate for eonditions that have 
caused the amount of oxygen in the blood to drop. For example, smoking, lung or heart diseases, and air pollution 
all lower oxygen levels in the blood. In an attempt to maintain its delivery of oxygen to the tissues, the body 
inereases production of RBCs. (Living at a high altitude also causes polyeythemia as the body eompensates for 
lower levels of atmospherie oxygen.) 

An inereased number of RBCs inereases blood volume as well as viseosity. Symptoms include headaehe, 
ruddiness, and itehiness. llneheeked, eomplieations such as high blood pressure, blood elots, and even heart 
failure may occur. 



To ensure adequate erythropoiesis, we must 
consume 5 to 20 mg of iron in our food eaeh day to 
eover the amount lost through the urine, feees, and 
bleeding. 


FAST FACT 


“Paekaging” hemoglobin inside red 
blood eells ensures that the hemoglobin 
remains within the eonfines of the blood 
vessels instead of leaking out into the 
surrounding tissues. 



Life lesson: Anemia 

Anemia is a defieieney of RBCs or hemoglobin. 
Sometimes anemia occurs because of a loss of RBCs, 
such as from a hemorrhage, or when too many RBCs are 
being destroyed [hemolytie anemia). More eommonly, 
anemia results from an insufficient supply of iron in 
the diet. Because iron is a key eomponent of 
hemoglobin, an insufficient supply of this nutrient 
leads to iron-defieieney anemia. (Another nutritional 
anemia— pernieioas anemia —results from a laek of 
vitamin B^. In this instanee, the anemia typieally occurs 
because the body ean't assimilate the vitamin due to a 
laek of a ehemieal produced in the stomaeh ealled 
intrinsiefaetor.) Another cause of anemia is an 
insufficient supply of the hormone erythropoietin 
(EPO). Without EPO, red bone marrow isn't stimulated to ereate new erythroeytes, which explains why anemia 
usually aeeompanies kidney disease. 

Without enough RBCs or hemoglobin, the oxygen-carrying eapaeity of blood is diminished, causing fatigue, 
pallor, and, possibly, shortness of breath. Blood viseosity is also reduced, resulting in a faster heart rate and lower 
blood pressure. 
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PARTIV Maintenanee of the Body 




h te Blood e s 





FAST FACT 


White blood eells (WBCs) or leukocytes are the fewest of the formed elements. (A mieroliter of blood eontains between 
5000 and 10,000 WBCs and 5 million RBCs.) Regardless, WBCs are erneial to life: they are the body’s line of defense 
against invasion by infectious pathogens. The body eontains five types of WBCs, all different in size, appearanee, 
abundance, and function. 

All leukocytes—unlike RBCs—eontain a nucleus. They also eontain a number 
of other internal structures, some of which look like granules when stained and 
examined under a mieroseope. The presenee or absenee of granules identifìes the 
two elassifìeations of WBCs: granulocytes (those having obvious granules) and 
agranulocytes (those having few or no granules). 

Graniiloeytes 

Besides eontaining granules in the eytoplasm, granulocytes also eontain a single 
multilobular nucleus. The three types of granulocytes are neutrophils, 
eosinophils, and basophils. 


The body eontains many more 
WBCs than is refleeted in a 
blood count. In faet, WBCs 
spend most of their lives in 
eonneetive tissues, not in the 
bloodstream from which the 
samples are taken. 


Types of Grarmloeytes 



Quantity 


Neutrophils 


" ■ 




Most abundant of the WBCs, 
neutrophils make up 60% to 70% of all 
the WBCs in circulation. 


Eosinophils 



"" a 
■■ 4 I ' 


Eosinophils account for 2% to 5% of 
circulating WBCs. 


Basophils 



The fewest of the WBCs, basophils 
eomprise only 0.5% to 1% ofthe WBC 
count. 


Characteristics The nucleus of young neutrophils looks While few exist in the bloodstream, 


like a band or a stab wound; therefore, 
they are sometimes ealled bandeells or 
stab eells. 


eosinophils are numerous in the 
lining of the respiratory and digestive 
traets. 


Basophils possess little or no 
phagoeytie ability. 




Function 


Life eyele 


hey are also ealled polymorphonuclear 
leukocytes (PMNs) because the shape of 
the nucleus varies between neutrophils. 

Highly mobile, neutrophils quickly 
migrate out of blood vessels and into 
tissue spaees, where they engulf and 
digest foreign materials. 


Worn-out neutrophils left at the 
site of infeetion form the main 
eomponent of pus. 


Eosinophils are involved in allergie 
reaetions; they also kill parasites. 


Basophils seerete heparin (an 
anticoagulant), which prevents elotting 
in the infeeted area so WBCs ean enter; 
they also seerete histamine, a substance 
that causes blood vessels to leak, which 
attraets WBCs. 


All granulocytes circulate for 5 to 8 hours and then migrate into the tissues, where they live another 4 or 5 days. 
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Agrarmloeytes 

Unlike granulocytes, agranulocytes laek eytoplasmie granules; the nuclei of these WBCs also laek 
lobes. There are two types of agranulocytes: lymphoeytes and monoeytes. 


Types of Agranulocytes 



Lymphoeytes 


Monoeytes 




Quantity 


The seeond most numerous of the WBCs, lymphoeytes 
constitute 25% to 33% ofthe WBC count. 


Monoeytes eomprise 3%to 8% ofthe WBC count 


Characteristics Lymphoeytes are the smallest of the WBCs. 


Function 


Life eyele 


Monoeytes are the largest of the WBCs. 

Monoeytes are highly phagoeytie and ean engulf large 
baeteria and viral-infeeted eells. 


Lymphoeytes are responsible for long-term immunity.There 
are two types: 

• Tlymphoeytes, which direetly attaek an infeeted or 
cancerous eell 

• B lymphoeytes, which produce antibodies against speeifie 
antigens 

All lymphoeytes begin in the bone marrow; while some mature After circulating in the bloodstream for 10 to 20 hours, 


there, others migrate to the thymus to finish developing. 


After maturing, all lymphoeytes eolonize the organs and 
tissues of the lymph system (such as the spleen and lymph 
nodes). Afterward, they continually eyele between the 
bloodstream and lymph system. 


monoeytes migrate into tissues, where they transform into 
maerophages: aggressive phagoeytie eells that ingest baeteria, 
eellular debris, and cancerous eells. 


Maerophages ean live as long as a few years. 


Lymphoeytes may survive from a few weeks to deeades 


(For more information on lymphoeytes, see Chapter 16, 
Lymphotle & lmmune Systems.) 


FAST FACT 


When eells beeome inflamed 
from a baeterial infeetion, they 
release ehemieals that attraet 
neutrophils and other 
phagoeytie WBCs to the 
infeetion site. 


Life lesson: Changes with aging 

The volume and eomposition of blood remain relatively eonstant with age. 

Abnormal blood values that do occur usually result from disorders in other systems. 
For example, elderly individuals are more likely to form unwanted blood elots or 
develop ehronie types of leukemia. However, these disorders usually occur because 
of ehanges in blood vessels (in the ease of blood elots) or the imnrmne system (in the 
ease of leukemia). Elderly individuals also have a greater risk for developing 
pernicious anemia due to the faet that the stomaeh mucosa, which produces intrinsie 
faetor, atrophies with age. 
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The Body AT WORK 

An abnormally low WBCcount (ealled 
leukopenia) may resultfrom eertain viral 
illnesses, including AIDS, as well as lead poisoning. 
An elevated WBCcount (ealled leukocytosis) 
usually indieates infeetion oran allergy. Because 
eaeh WBC has a slightly different function, 
knowing the count ofeaeh WBC (ealled a 
differential WBC countJ ean be useful. For 
example, an inereased numberofneutrophils 
indieate a baeterial infeetion. A high eosinophil 
count signals an allergy or a parasitie infeetion. 


FAST FACT 


The most eommonly performed blood test is 
the eomplete blood count (CBC). It provides 
information about all the formed elements of 
the blood: RBCs (including hemoglobin, 
hematoerit, and reticulocytes), WBCs 
(including a differential), and platelets. 


Life lesson: Letikemia 


A eaneer of the blood or bone marrovv, leukemia is eharaeterized by an extremely high WBC count.The term 
leukemia eneompasses a number of varieties of the disease.To differentiate between types, leukemia is 
subdivided into several large groups. 

The first differentiation is between acute and ehronie forms of the disease. Acute leukemia —the form occurring 
most eommonly in ehildren—appears suddenly and involves the rapid inerease of immature WBCs. In eontrast, 
ehronie leukemia r which involves the proliferation of relatively mature but still abnormal WBCs, develops more 
slowly. It occurs most often in older people, although it may occur at any age. 

The next major elassifieation of leukemia is based on the type of blood eell affeeted. Lymphoeytie leukemia 
involves the rapid proliferation of lymphoeytes; myeloid leukemia involves uncontrolled granulocyte production. 

In all types, the proliferation of abnormal WBCs crowds out normal bone marrow eells, resulting in defieieneies 
of normal WBCs, RBCs, and platelets. The defieieney of normal WBCs leads to a weakened imnrmne system, plaeing 
the individual at risk for infeetion. The defieieney of RBCs leads to anemia, which may cause fatigue and pallor. 
Finally, the defieieney of platelets results in an inereased risk for bleeding and bmising. 

Acute lymphoeytie leukemia—the most eommon form of leukemia in ehildren—has the highest cure rate. 
Treatment includes ehemotherapy, radiation, and bone marrow transplants. 



AST FACT 


An inereased number of band eells (typieally a sign of an 
infeetion) is often ealled a shift to the left. Thats because, 
historieally, paper laboratory slips used for differential WBC 
counts listed the count for band eells to the left of the 
counts for mature neutrophils. 
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Platelets (also ealled thromboeytes) are the seeond most abundant of the formed elements, with eaeh mieroliter of blood 
eontaining between 150,000 and 400,000 platelets. Platelets play a key role in stopping bleeding (hemostasis). 


Hemostasis 



Instead of being individual eells, platelets 
are actually fragments of larger bone marrovv 
eells ealled megakaryoeytes. 


The edges of the megakaryoeyte break off 
to form eell fragments ealled platelets.The 
platelets live only about 7 days. 


Red blood 
eell 




When a blood vessel is cut, the body must reaet quickly to stop 
the flow of blood. It does so through the following sequence of 
events: vascular spasm, the formation of a platelet plug, and the 
formation of a blood elot. 

Vasetilar Spasm 

As soon as a blood vessel is injured, smooth muscle fibers in the 
wall of the vessel spasm. This eonstriets the blood vessel and 
slows the flow of blood. (This response is only temporary but 
gives the other hemostatie meehanisms time to aetivate.) 

Formation ofa Platelet Plug 

The break in the blood vessel exposes eollagen fibers, ereating a 
rough spot on the vessel’s normally sliek interior. This rough 
spot triggers ehanges in the passing platelets, transforming them 
into stieky platelets. 




The stieky platelets do as their name implies: stiek 
to the vessel vvall and to eaeh other, forming a mass 
of platelets ealled a platelet plug. The platelets 
faeilitate their clumping by seereting several 
ehemieals—some cause the vessel to eonstriet 
further vvhile others attraet even more platelets. 

The platelet plug forms a temporary seal in the 
vessel vvall. A more stable solution requires the 
formation of a elot. 
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PARTIV Maintenanee of the Body 



Formation ofa Blood Clot 

Blood elotting, or coagulation, involves a complex series of ehemieal reaetions using proteins ealled elotting faetors. (See 
“The Body at Work” on this page.) 

The first several reaetions in the elotting proeess vary, depending upon whether the proeess has been stimulated by 
faetors inside or outside the blood. Speeifìeally, when the damaged blood vessel and surrounding tissues—areas outside or 
extrinsic to the blood—release elotting faetors, this kieks off a easeade of events ealled the extrinsic pathway. When the 
elotting faetors are aetivated within the blood—such as by the platelets as they adhere to the eollagen in the damaged vessel 
wall—this sets off a different easeade of events ealled the intrinsie pathway. 


ANIMATION © 


Both the extrinsic and 
intrinsie pathways result 
in the formation of faetor 
X. (This occurs in a single 
reaetion in the extrinsic 
pathway, whereas, in the 
intrinsie pathway, four 
different reaetions are 
required to aetivate faetor 
X.) Either way, onee faetor 
X is aetivated, the 
formation of a blood elot 
follows a eommon 
pathway, as shown here. 


Stieky platelets 




FAST FACT 


Normal elotting requires 
adequate blood levels of 
calcium. Thats because many 
of the reaetions in the elotting 
proeess use calcium. 


Injured eells 


The end result of both the extrinsic and 
intrinsie pathways is the production of an 
enzyme ealled prothrombin aetivator. 


Prothrombin 

aetivator 




J 


Ý 


Prothrombin aetivator aets on a globulin 
ealled prothrombin (faetor II)... 


Prothrombin 




J 


.. .eonverting it to the enzyme 
thrombin.Thrombin transforms the 
soluble plasma protein fibrinogen into 
fine threads of insoluble fibrin. 


t 


/ 
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Thrombin 
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J 
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Fibrin 
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J 



The stieky fibrin threads 
form a web at the site of 
the injury. Red blood eells 
and platelets flowing 
through the web beeome 
ensnared, ereating a elot 
of fibrin, blood eells, and 
platelets. A blood elot ean 
effeetively seal breaks in a 
smaller vessel; however, 
blood elotting alone may 
not stop a hemorrhage 
from a large blood vessel. 




The Body AT WORK 

The blood eontoins numerous proteins ealled elotting faetors. ilnder normal eonditions, these faetors are inaetive. Hovvever, 
the aetivation ofone faetor sets offa ehain ofreaetions, with the product ofthe first reaetion triggering another reaetion in the 
next faetor on a set pathway. A series ofreaetions in which eaeh depends on the product ofthe preeeding reaetion is ealled a 

reaetion easeade. 

The proeess ofcoagulation involves more than 30 ehemieal reaetions, with one following the other in a preeise order. Many 
ofthe elotting faetors involved in this proeess are identified by Roman nameraìs, such as faetor VIII, factorX, ete. The numerals 
indieate the order in which they were diseovered, not their order in the reaetion easeade. 








































































The Body AT WORK 

Because the liver synthesizes mostofthe dotting 
faetors, abnormal liverfunction interferes with 
normal blood elotting. Even more interesting is 
that seemingly mild disorders, such as gallstones, 
ean also interfere with blood elotting. That's 
beeaase the synthesis ofelotting faetors requires 
vitamin K. Vitamin Kis absorbed into the blood 
from the intestine but, because vitamin Kis fat 
soluble, it ean be absorbed only ifbile is present. 
Bile is seereted by the liver. Ifthe bile ducts beeome 
bloeked, such as by liver disease or gallstones, 
vitamin K ean't be absorbed and bleeding 
tendeneies develop. 


■o 

H 
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FAST FACT 


The extrinsic pathway leads to elot formation in 
about 15 seeonds, whereas the intrinsie pathway 
takes 3 to 6 minutes. To stop bleeding more quickly, 
massage the tissues surrounding the wound. 
Stimulating the eells in the area will trigger the 
extrinsic pathway and speed up elot formation. 


Dissoltition ofBlood Clots 

The blood elotting proeess doesn’t stop with the formation of the elot. 



Soon after the blood elot forms, the platelets trapped vvithin the 
fibrin vveb eontraet, piilling the edges of the damaged vessel eloser 
together. 



Later, after the vessel has healed, a small ehain of reaetions eonverts 
an inaetive plasma protein (plasminogen) into plasmin. Plasmin 
vvorks to dissolve the fibrin meshvvork, and the elot breaks up.This 
proeess is ealled fibrinolysis. 


Prevention ofBlood Clots 

When a blood vessel has broken, speedy elot formation is essential to stop the bleeding. 

However, it’s just as emeial to prevent elots from forming when they aren’t needed. The 

following faetors discourage blood elot formation. 

• Smooth endothelium: The inner lining of undamaged blood vessels is very smooth, 
which helps prevent platelets from stieking. 

• Blood flow: The blood normally produces small amounts of thrombin. When blood is 
circulating normally, the rapidly moving bloodstream dilutes the thrombin before a elot 
ean form. If blood flow deereases—such as when blood pools in the legs during prolonged 
sitting or lying down—thrombin ean accumulate to the point that a elot develops. 

• Anticoagulants: Basophils and mast eells normally seerete the anticoagulant heparin, 
which prevents blood elots by bloeking the aetion of thrombin. Heparin is also given by 
injeetion to inhibit elot formation in patients who are susceptible to developing unwanted 
blood elots. 
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Life lesson: Blood elotting disorders 

The formation of unwanted blood elots is the most eommon, and perhaps the most serious, of elotting disorders. 

In faet, about 650,000 Amerieans die every year from blood elots that have lodged in arteries in the brain, heart, or 
lungs. Onee lodged, the elot shuts off blood flow, often resulting in sudden death. 

An unwanted blood elot inside of a vessel is ealled a thrombus. If a pieee of the elot breaks off and circulates 
through the bloodstream, it's ealled an embolus. Such elots may be treated with injeetions of heparin or the oral 
anticoagulant warfarin (Coumadin). While heparin bloeks the aetion of thrombin, Coumadin bloeks the effeets of 
vitamin K on the liver. This causes the liver to produce less prothrombin, which, in turn, leads to less thrombin. 
Either way, blood elotting diminishes. 

A more rare disorder— hemophilia —results from a defieieney of one of the elotting faetors. Because hemophilia 
is a sex-linked reeessive disorder, it affeets primarily males. (Speeifieally, it affliets about 1 out of 30,000 males.) 
People with hemophilia may be defieient in any one of several different elotting faetors, but the most eommon 
missing faetor is faetor VIII. Because people with hemophilia laek the ability to form blood elots, even minor 
injuries ean beeome life threatening. The disorder is treated with infusions of the missing elotting faetor. 


FAST FACT 


Tissue plasminogen aetivator (t-PA) —one of 

the substances that stimulates the eonversion of 
plasminogen into plasmin—ean be administered 
as a drug. Ifs often given as an early treatment to 
dissolve elots causing strokes and heart attaeks. 




Blood Types 


For centuries, people have realized that excessive blood loss often proved fatal. However, when they tried to fight the effeets of 
hemorrhage by transfusing blood from one person into another, they were mystified as to why some reeovered while others died. It 
wasn’t until 1900, when a seientist diseovered the blood types A, B, and O, that the matter beeame elear. 

This seientist diseovered that the surface of eaeh red blood eell earries a protein ealled an antigen (also ealled agglutinogen). 
There are two antigens: A and B. 



Blood type A 


People with type A blood have 
the A antigen on their RBCs. 


/ A antigen 
% B antigen 










Blood type B 


People with type B blood have 
the B antigen. 



Blood type AB 


People with type AB blood 
have both A and B antigens. 



Blood type O 


People with type O blood 
have neither antigen. 




AST FACT 


In the United States, about 45% of the population 
has O blood, 40% has A blood, 11 % has type B 
blood, and 4% has type AB blood. 




























While the blood eell earries antigens, the blood plasma earries antibodies (ealled agglutinins) against the antigens of the 
other blood types. (See “The Body at Work” on this page for further explanation of antigens and antibodies.) 


Blood type A 



Blood type B 


Blood type AB 


Blood type O 



Type A blood has anti-B 
antibodies. 



Anti-B antibody 
Anti-A antibody 


Type B blood has anti-A 
antibodies. 


Type AB blood has no 
antibodies. 


Type 0 blood has both 
anti-A and anti-B antibodies. 


Transfusions are successful as long as the reeipients plasma doesn’t eontain antibodies against the ABO type being 
transfused. If such antibodies are present, they will attaek the donor’s RBCs, causing a transfìision reaetion. 















Anti-B 

antibody 







If someone with type A blood were to reeeive a 

transfusion of type B blood... 







...the anti-B antibodies in the reeipient’s blood would 
immediately attaek the donor’s RBCs.The antibody- 
antigen reaetion would cause the RBCs to clump 

together (agglutinate). 


The clumping of RBCs bloeks blood vessels, cutting off the flow of oxygen. The RBCs also burst (ealled hemolysis) and 
release their hemoglobin into the bloodstream. The free hemoglobin could bloek tubules in the kidneys, leading to renal 
failure and possibly death. 


The Body AT WORK 







Every eell in the body earries antigens on its siarfaee. The antigens, vvhieh are unique to 
eaeh individual, allovv the body to distinguish its ovvn eells from foreign invaders. When 
the body deteets a substance vvith an unfamiliarantigen, itlaunches an immune 
response to destroy it. 

The first step in the attaek occurs vvhen antibodies in the bloodplasma bind to 
the foreign eells (or the eells eontaining the foreign material). Next, antibodies bind to 
more than one antigen molecule in an effort to "eorral" the foreign invaders until the 
immune system ean break them dovvn. This proeess, vvhieh produces large clumps of 
antigen-antibody molecules, is ealled aggliitination. (Antigens and antibodies vvill be 
discussedmorefullyin Chapter 16, Lymphatie & Immiine SystemsJ 


FAST FACT 


ABO antibodies are not 
present at birth. Rather, 
they first appear during 
infaney and build, reaehing 
maximum eoneentration 
between the ages of 8 and 
10 years. 
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FAST FACT 




The Body AT WORK 

Because type 0 bloodeontains neither antigens A or B, it has been referred to as 
universal donor blood, implying that it ean be given to any reeipient. This isn't 
true, hovvever, because the donor's plasma eontains both anti-A and anti-B 
antibodies; this means that the type 0 blood wouldagglutinate the RBCs ofa 
type A, B, orAB reeipient. Usually this doesn'toccur because only the RBCs are 
transfused. Traees ofplasma still remain, however, so a reaetion is possible, 
although unlikely. The only way to be eertain is to perform a test in which a 
sample ofthe donor's blood is mixed (or eross-matehedj with a sample ofthe 
reeipient's blood to ensare thatagglutination won'toccur. 

Likewise, typeAB blood is sometimes ealled the universal reeipient — 
implying thata person with this blood type ean reeeive a transfusion ofany 
type ofblood—because it eontains neither anti-A nor anti-B antibodies. 
However, the donor's plasma may eontain either ofthose antibodies; if 
transfused, they would agglutinate the reeipient's RBCs. Again, the only way 
to ensare that i /von't happen is to eross-mateh the samples. 


In the United States, type O 
blood is the most eommon, 
while type AB is the most rare. 


FAST FACT 


The ABO type and Rh type are 

both used when elassifying 
blood. For example, 0 + blood 
refers to type O, Rh positive; 
B _ blood refers to type B, 

Rh negative. 


The Rh Group 


Besides being elassified aeeording to ABO type, blood is also elassifìed as being Rhpositive or Rh 
negative. Rh-positive blood eontains the Rh antigen; Rh-negative blood laeks this speeifìe antigen. 
About 85% of white Amerieans and 95% of Afriean Amerieans have Rh-positive blood. 

Blood does not normally eontain anti-Rh antibodies; however, it’s possible for someone with 
Rh-negative blood to develop anti-Rh antibodies. There are two ways this ean occur. The fìrst way is 
when someone with Rh-negative blood reeeives a transfìision of Rh-positive blood. The seeond way is 
when an Rh-negative mother beeomes pregnant with an Rh-positive fetus. 



Anti-Rh 

antibodies 




Agglutination of 
Rh-positive RBCs 




r n 

In the ease of a transfusion, if a 

person with Rh-negative blood 
reeeives a transfusion of 
Rh-positive blood, the reeipient’s 
body interprets the Rh antigen as 
something foreign. 

v_ J 


r -n 

To proteet itself, the body 
develops antibodies against the 
Rh antigen (anti-Rh antibodies). 

v_ ) 





Difficulty arises if the reeipient 
encounters the Rh antigen again, 
such as through a subsequent 
infusion of Rh-positive blood. If 
that occurs, the anti-Rh antibodies 
that formed during the first 
transfusion will attaek the Rh 
antigen in the donor blood, 
causing agglutination. 
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A similar eondition may result when a woman with Rh-negative blood and a man with Rh-positive 
blood eoneeive a baby who is Rh positive. 


ANIMATION 




Rh-negative 
blood eell 


Rh-positive 
blood eell 




Because maternal and fetal blood doesn't mix, the first pregnaney However, during delivery (or misearriage), the fetus' blood often 

with an Rh-positive fetus will proeeed normally. mixes with that of the mother, thus introducing Rh antigens into 

the mother's bloodstream. 


■ 

.v 


© 


Anti-Rh 

antibodies 





The mother's body responds by forming anti-Rh antibodies against 
this foreign substance. 


If the mother later beeomes pregnant with another Rh-positive 
baby, the anti-Rh antibodies ean pass through the plaeenta even if 
the RBCs ean't. When they do, they attaek the fetal RBCs, causing 
agglutination and hemolysis.The infant develops a severe 
hemolytie anemia ealled erythroblastosis fetalis. 


FAST FACT 


All Rh-negative women who beeome pregnant with an Rh-positive 
baby should be treated with an Rh immune globulin ealled RhoGAM. 
The immune globulin prevents the formation of anti-Rh antibodies by 
the mother, thus preventing an attaek on the fetuss RBCs. 
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Review of Key Terms 



Anemia: A defieieney of red blood 
eells or hemoglobin 

Basophil: The fewest of the WBCs; 
seeretes heparin 

Coagulation: Blood elotting 

Eosinophils: White blood eells that 
proteet against parasites; also involved 
in allergie reaetions 

Erythroeytes: Red blood eells 

Erythropoietin: Hormone seereted by 
the kidneys that stimulates the 
production of erythroeytes 

Fibrin: Insoluble protein fibers 
involved in forming a blood elot 

Fibrinolysis: Proeess of dissolution of a 
blood elot 

Hematoerit: The pereentage of red 
blood eells in a sample of blood 


Hemoglobin: iron-eontaining pigment 
of red blood eells that earries oxygen 

Hemolysis: The destmetion of red 
blood eells 

Hemopoiesis: The production of 
blood 

Hemostasis: An arrest of bleeding 

Leukocytes: White blood eells 

Leukocytosis: Elevated white blood 
eell count 

Leukopenia: Abnormally low white 
blood eell count 

Lymphoeytes: Seeond most numerous 
of the WBCs; responsible for 
long-term immunity 

Monoeytes: Largest and most 
long-lived of the WBCs; highly 
phagoeytie 


Neutrophils: Most abundant of the 
white blood eells; highly mobile 

Plasma: The elear extracellular matrix 
of blood 

Platelets: Blood eell fragments that 
play a key role in stopping bleeding 

Reticulocyte: An immature form of an 
erythroeyte 

Serum: Plasma without the elotting 
proteins 

Viseosity: The thiekness or stiekiness 
of blood 


Own the Information 


To make the information in this ehapter part of your 
working memory, take some time to refleet on what you’ve 
learned. On a separate sheet of paper, write down 
everything you reeall from the ehapter. After you’re done, 
log on to the DavisT/í/j website, and eheek out the Study 
Group podeast and Study Group Questions for the ehapter. 


Key Topies for Chapter 13: 

• The eomponents of blood 

• The formation of blood eells 

• The structure and function of red blood eells and 
hemoglobin 

• The life eyele of red blood eells 

• The structure and function of white blood eells 

• The structure and function of platelets 

• Meehanisms for the formation of a blood elot 

• The dissolution of a elot 

• ABO and Rh blood types 

• The results of blood ineompatibility from a transfusion or 
in utero 








Anstvers: Chapter 13 

1. Correct answer: C. WBCs help the body fìght 
infeetion, so an analysis of these eells would refleet 
that ability. Platelets allow the blood to elot, so a 
measurement of platelets would refleet that ability. 
Iron is a key eomponent of hemoglobin; therefore, 
a low hemoglobin level could possibly refleet a 
defìeieney of iron. 

2. Correct answer: d. Erythropoietin is a hormone 
seereted by the kidneys to stimulate the 
production of RBCs. Thrombin (an enzyme) 
stimulates the formation of fibrin, an insoluble 
protein used to form a blood elot. 

3. Correct answer: a. Reticulocytes are immature 
RBCs; as the body eompensates for lower levels of 
atmospherie oxygen, it would inerease production 
of RBCs. As a result, the number of immature 
RBCs (reticulocytes) would inerease rather than 
deerease. Neutrophils are WBCs, and a ehange in 
altitude alone would not affeet their rate of 
production. 

4. Correct answer: a. A laek of red blood eells and 
hemoglobin may cause pallor and eyanosis; 
however, the initial response from hemolysis 
would be to produce jaundice. Ruddiness would 
result from an excessive number of red blood eells, 
not hemolysis. 

5. Correct answer: d. Basophils have little or no 
phagoeytie ability. Eosinophils are mostly involved 
in allergie reaetions, but they also kill parasites. 
Lymphoeytes eolonize the organs and tissues of 
the lymph system, where they are involved in 
long-term immunity. 

6. Correct answer: d. All granulocytes (which includes 
neutrophils, eosinophils, and basophils) circulate 
for 5 to 8 hours and then migrate into the tissues, 
where they live another 4 or 5 days. In eontrast, 
maerophages (into which monoeytes transform) 
ean live as long as a few years. 

7. Correct answer: e. A thrombus is an unwanted 
blood elot inside a blood vessel. The other 
answers are all a part of hemostasis. 

8. Correct answer: d. None of the other answers are 
eorreet. 

9. Correct answer: b. Blood plasma earries antibodies 
against the other blood types. Hemoglobin is the 
red pigment with blood eells. Globin is the 
ribbon-like protein ehain that helps form 
hemoglobin. 

10. Correct answer: e. Leukocytosis is an elevated 
number of white blood eells. Polyeythemia is an 
inereased number of red blood eells. Fibrinolysis is 
the dissolution of a blood elot. None of these 
occur in a transfìision reaetion. 


1. What does a hematoerit reveal? 

a. The ability of the body to fìght 
infeetion 

b. The ability of the blood to elot 
e. How much oxygen the blood 

ean earry 

d. The amount of iron in the 
blood 

2. Which substance allows RBCs to 
transport oxygen? 

a. Erythropoietin (EPO) 

b. Thrombin 

e. Fibrin 

d. Hemoglobin 

3. A move to high altimde would 
trigger which ehange in the 
blood? 

a. An inereased number of 
reticulocytes 

b. A deereased number of 
reticulocytes 

e. An inereased number of 
neutrophils 

d. A deereased number of 
neutrophils 

4. Hemolysis may produce which 
physieal sign? 

a. Jaundice 

b. Pallor 

e. Cyanosis 

d. Ruddiness 

5. When an infeeting organism 
pierees the skin, which of the 
following WBCs would quickly 
migrate out of the blood vessels 
and into the tissues to ingest the 
foreign invader? 

a. Basophils 

b. Eosinophils 

e. Lymphoeytes 
d. Neutrophils 


6 . Which of the following WBCs 
have the longest life span? 

a. Neutrophils 

b. Eosinophils 
e. Basophils 

d. Monoeytes 

7. Which of the following is an 
unwanted part of hemostasis? 

a. Vascular spasm 

b. Formation of fibrin 

e. Formation of a thrombus 

d. Formation of thrombin 

8 . How would someone experiencing 
a heart attaek caused by a blood 
elot benefit from a drug that 
stimulates the eonversion of 
plasminogen into plasmin? 

a. Plasmin encourages the growth 
of new blood vessels that ean 
bypass the elot. 

b. Plasmin inereases the oxygen- 
earrying eapaeity of RBCs. 

e. Plasmin inhibits the formation 
of new blood elots. 

d. Plasmin dissolves the fibrin 
meshwork around blood elots. 

9. What substance, earried by eaeh 
red blood eell, determines blood 
type? 

a. Antibody 

b. Antigen 

e. Hemoglobin 

d. Globin 

10. Which of the following will 
occur if someone with type A 
blood reeeives a transfìision with 
type B blood? 

a. Leukocytosis 

b. Polyeythemia 

e. Agglutination 
d. Fibrinolysis 
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. Go to http://davisplus.fadavis.com Keyword: 

L)3V1S r lAÀÁe | Thompson to see all ofthe resources available 

with this ehapter. 











CHAPTER OLITLINE 

Structures of the Heart 
Heart Sounds 

Blood Flow through the Heart 
Coronary Circulation 
Cardiac Conduction 
Cardiac Cycle 
Cardiac Output 


LEARNING OUTCOMES 

1. Deseribe the size and loeation of the heart. 

2. Deseribe the layers of the perieardial sae 
surrounding the heart. 

3. Identify the three layers of the heart wall and 
deseribe the eharaeteristies of eaeh. 

4. Name the four ehambers of the heart. 

5. Deseribe the basie role and eharaeteristies of 
eaeh of the heart's ehambers. 

6. Identify the name, loeation, and function of 
eaeh ofthe heart'sfour valves. 

7. Identify the purpose of the skeleton of the 
heart. 

8. Identify the loeations on the ehest where the 
various heart sounds ean be heard and explain 
how the sounds are ereated. 

9. Traee the flow of blood through the heart. 

10. Identify the two main eoronary arteries and 
deseribethe parts ofthe myocardium 
nourished by eaeh. 

11. Explain the proeess of eoronary circulation. 

12. Deseribe the unique eleetrieal eharaeteristies 
of the eardiae muscle. 

13. Discuss the heart's conduction system. 

14. Identify the basie eomponents ofan 
eleetroeardiogram and deseribe what eaeh 
part of the waveform represents. 

15. Deseribe in detail all the events of the eardiae 
eyele. 

16. Define cordiocoutput and identifythe 
variables that affeet it. 

17. Discuss how the nervous system ean affeet 
heart rate. 

18. Deseribe howchanges in aetivity, blood 
pressure, the levels of eertain ehemieals, and 
emotion affeet heart rate. 

19 Define what is meant by the terms stroke 
volume and ejeetion fraetion. 

20. Define preioad, eontraetility, and afterload, and 
deseribe how eaeh affeets stroke volume. 

21. Define Starling's law of the heart and deseribe 
how it affeets stroke volume. 

22. Deseribe the physiologieal consequences 7 and 
resulting symptoms, of both right and left 
ventricular failure. 










Left 


Right 


Midline 


midclavicular 


midclavicular 


Base: Where the 
great vessels enter 
and leavethe heart 


Fifth intereostal spaee 


Apex: The point of 
maximum impulse, 
where the 
strongest beat ean 
be felt or heard 


The heart could be ealled the engine 
of life. This ineredibly powerful organ 
works eonstantly, never pausing. 
Composed of a type of muscle found 
nowhere else in the body, the heart 
works to pump blood throughout the 
body, delivering oxygen-rich blood to 
organs and tissues and returning 
oxygen-poor blood to the lungs. 

About the size of a fìst, the heart 
lies in the thoraeie eavity in the 
mediastinum, a spaee between the 
lungs and beneath the sternum. The 
heart tilts toward the left, so that 
two-thirds of it extends to the left of 
the body’s midline. The broadest part 
of the heart, ealled the base, is at the 
upper right, while the pointed end, 
ealled the apex, is at the lower left. 


FAST FACT 


The study of the heart and the 
treatment of related disorders is 
ealled eardiology. 
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Structures of the Heart 


Key structures of the heart include the pericardium, the heart wall, the ehambers, and the valves. 







The Pericardium 

Surrounding the heart is a double-walled sae ealled the 
pericardium. Anehored by ligaments and tissue to 
surrounding structures, the pericardium has two layers: 
the fìbrous pericardium and serous pericardium. 




Pericardium 


The Heart Wall 

The heart wall eonsists of three layers 


The endocardium lines the heart's 
ehambers, eovers the valves, and 
continues into the vessels. It eonsists of a 
thin layer of squamous epithelial eells. 


The myocardium, eomposed of eardiae 
muscle, forms the middle layer. It's the 
thiekest of the three layers and performs 
the work of the heart. 



ST FACT 



The endocardium is very smooth, an 
important eharaeteristie that helps keep 
blood from elotting as it fills the heart's 
ehambers. 


The fibrous pericardium —a loose- 
fitting sae of strong eonneetive 
tissue—is the outermost layer. 


The serons pericardium, which 
eonsists of two layers, eovers the 
heart's surface. 



At the heart’s base, the serous 
pericardium folds baek on itself to 
form the: 

• parietal layer, which lines 
the inside of the fibrous 
pericardium, and the 

• viseeral layer, which eovers 
the heart's surface. 


Between these two layers 
is the perieardial eavity. 

This eavity eontains a small 
amount of serous fluid, 
which helps prevent 
frietion as the heart beats. 


The epicardium, which eonsists of a thin 
layer of squamous epithelial eells, eovers 
the heart's surface. Also known as the 
viseeral layer of the serous pericardium, 
the epicardium is elosely integrated with 
the myocardium. 




























The Heart Chambers and Great Vessels 

The heart eontains four hollow ehambers. The two upper ehambers are ealled atria (singular: 
atrium); the two lower ehambers are ealled ventrieles. 

Attaehed to the heart are several large vessels that transport blood to and from the heart. Called 
great vessels, they include the superior and inferior vena, pulmonary artery (which branehes into a 
right and left pulmonary artery), four pulmonary veins (two for eaeh lung), and the aorta. 




Atria 

The atria serve primarily as reservoirs, reeeiving blood from the 
body or limgs.The right and left atria are separated by a eommon 
wall of myocardium ealled the interatrial septum. Because the 
atria move blood only a short distanee—from the atria to the 
ventrieles—they don't have to generate much foree. Consequently, 
the walls of the atria are not very thiek. 


Ventrieles 

The ventrieles serve as pumps, reeeiving blood from the atria and 
then pumping it either to the lungs (right ventriele) or the body 
(left ventriele).The right and left ventrieles are separated by the 
interventricular septum. Because the ventrieles pump rather than 
reeeive blood, they must generate more foree than the atria. 
Therefore, the walls of the ventrieles are thieker than those of the 
atria. Furthermore, because the left ventriele must generate 
enough foree to push blood throughout the body, rather than just 
to the lungs, its walls are thieker than those of the right ventriele. 


CHAPTER 14 Heart 



















































PARTIV Maintenanee of the Body 




The Heart Valves 

To ensure that blood moves in a forward direetion through the heart, the heart eontains four valves: 
one between eaeh atrium and its ventriele and another at the exit of eaeh ventriele. Eaeh valve is 
formed by two or three flaps of tissue ealled cusps or leaflets. 


The atrioventricular (AV) valves regulate flow between the The semilunar valves regulate flow between the ventrieles 


atria and the ventrieles. 

The right AV valve—also ealled the tricuspid valve 
(because it has three leaflets)—prevents backflow from 
the right ventriele to the right atrium. 

The left AV valve—also ealled the bicuspid valve 
(because it has two leaflets), or, more eommonly, the 
mitral valve—prevents backflow from the left ventriele 
to the left atrium. 


and the great arteries. There are two semilunar valves: 

The pulmonary valve prevents backflow from the 
pulmonary artery to the right ventriele. 

The aortie valve prevents backflow from the aorta to the 
left ventriele. 



Pulmonary valve 


Aortie valve 
Skeleton of heart 


Tricuspid valve 


Mitral valve 



Ventrieles relaxed 


Ventrieles eontraeted 


j 
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The Heart Skeleton 

A semi-rigid, fibrous, eonneetive tissue ealled the skeleton of the heart eneireles eaeh valve. Besides 
offering support for the heart, the skeleton keeps the valves from stretehing; it also aets as an 
insulating barrier between the atria and the ventrieles, preventing eleetrieal impulses from reaehing 
the ventrieles other than through a normal conduction pathway. 


Pulmonary valve 


Skeleton of heart, including 
fibrous rings around valves 

Mitral valve 




The Body AT WORK 

Valves open and elose in response to pressare ehanges 
vvithin the heart. Forexample, vvhen a ventriele relaxes, the 
pressure vvithin that ventriele drops. TheAV valve leaflets 
hang limply, allovving blood to flovv through the open valve 
into the ventriele. As the ventriele fills, pressare in the 
ventriele rises. After filling, the ventriele begins to eontraet 
and the pressare rises even more. This inereased pressare 
pushes against the cusps oftheAV valve, causing It to snap 
elosed. When pressare in the ventriele exceeds the pressare 
"dovvnstream," the semilunar valve pops open, allovving 
blood to flovv out into the area oflovverpressare. 



Aortie valve 


Tricuspid valve 


Posterior view 















































Heart Sounds 
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When the heart valves elose, they produce vibrations that ean be heard with a stethoseope on the 
body’s surface. (Think of a door, which is silent as it opens but produces a sound as it eloses.) By 
listening in key areas, the sounds made by individual valves ean be identified. The illustration here 
shows the relationship between eaeh valve and the surface area where its sound is heard the loudest. 
(Heart sounds will be discussed in more detail in the seetion, “Cardiac Cycle, "which appears later 
in this ehapter.) 


Aortie valve 
Tricuspid valve 




Aortie area: Seeond 
intereostal spaee, right 
sternal border 


Pulmonary valve 


Mitral valve 



Pulmonic area: Seeond 
intereostal spaee, left 
sternal border 



Tricuspid area: Fourth 
(or fifth) intereostal 
spaee, left sternal border 



Mitral area: Fifth 
intereostal spaee, left 
midclavicular line 



Life lesson: Valvnlar disease 

A heart valve that fails to prevent the baekflovv of blood during eontraetion is 
ealled ineompetent, and the eondition is known as valvular insufficiency. Valvular 
insufficiency allows blood to leak backward, or regurgitate, into the ehamber 
from which it was just pumped. For example, aortie insufficiency allows blood to 
leak baek into the left ventriele after being pumped into the aorta. As a result, 
the left ventriele has to work harder: pumping out the blood flowing into it from 
the left atrium as well as the blood flowing baek into it from the aorta. 

A stenotie valve is one that's beeome narrowed, such as from sear tissue; this 
eondition is ealled valvular stenosis. Stenotie valves also foree the heart to work 
harder, causing it to strain to pump blood through the narrowed opening. 

The backflow of blood through an ineompetent valve, or the foree of the 
blood moving through a stenotie valve, ereates turbulence. This turbulence 
produces an abnormal sound ealled a heart murmur, which ean be heard through 
a stethoseope. 

Depending upon the severity of the defeet, ineompetent and stenotie valves 
ean eventually lead to heart failure. In these instanees, the defeetive valves ean 
be replaeed with either artifieial valves or valves transplanted from a pig's heart. 
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PARTIV Maintenanee of the Body 


Blood Flow throufh the Heart 






No eonneetion exists between the right and left sides of the 
heart, and the flow of blood through eaeh side is kept separate 
from eaeh other. Even so, the two sides, or pumps, work 
together to ensure that the organs and tissues of the body reeeive 
an adequate supply of oxygenated blood. 

ANIMATION® 


The right atrium reeeives deoxygenated 
blood returning from the body through 
the superior and inferior vena eavae. 



Right atrium 


Tricuspid valve 


Right ventriele 



Onee the right atrium is full, it eontraets. 
This forees the tricuspid valve open and 
blood flows into the right ventriele. When the 
right ventriele is full, the tricuspid valve snaps 
elosed to prevent blood from flowing backward 
intothe atria. 
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The Body AT WORK 

To prevent the tricuspid valve from inverting 
like a vvindblovvn ambreììa during 
ventrieniar eontraetion, strands offibrous 
eonneetive tissue (ealled ehordae 
tendineae) extend from eonieal papillary 
muscles on the floor ofthe ventriele to the 
valve cusps. Thepapillary muscles eontraet 
along vvith the ventrieles, pulling on the 
ehordae tendineae and anehoring the valve 
cusps in the properposition to prevent the 
regurgitation ofblood into the atrium. 


Right atrium 


Unoxygenated 



Superior 


vena eava 


Tricuspid valve 


Right ventriele 


Inferior vena eava 




To the 
lungs 


Pulmonary 

valve 


Tricuspid valve 


Right ventriele 



To the 



Pulmonary 

artery 



After filling, the right ventriele eontraets, foreing the 
pulmonary valve open. Blood is pumped into the right 
and left pulmonary arteries and onto the lungs. After the right 
ventriele empties, the pulmonary valve eloses to prevent the 
blood from flowing backward into the ventriele. 
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6 When the left ventriele is full, the mitral valve eloses to prevent 
backflow.The ventriele then eontraets, foreing the aortie valve to 
open, allowing blood to flow into the aorta. From there, oxygenated 
blood is distributed to every organ in the body. 




Oxygenated 
blood 


Aortie valve 




When the left atrium is full, it 
eontraets.This forees the mitral, or 
bicuspid, valve open and blood is pumped 
into the left ventriele. 


Mitral valve 


Left 

ventriele 


Deseending aorta 


Right 
pulmonary 
veins 




Left 

ventriele 



Left atrium 


Mitral valve 


Left 

ventriele 


Left atrium 


Left 

pulmonary 

veins 


Mitral valve 


4 After replenishing its supply of oxygen (and eleansing itself of 
earbon dioxide) in the lungs, the blood enters the pulmonary 
veins and returns to the heart through the left atrium. 


FAST FACT 


Although the right and left sides 
of the heart aet as separate 
pumps, they perform their work 
simultaneously. Both the right 
and left atria eontraet at the same 
time, as do both ventrieles. 
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Coronary Circulation 
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Just like any other organ or tissue in the body, the heart muscle requires an abundant supply of oxygen 
and nutrients. Because of its high demands, the heart has its own vascular system, known as the 
eoronary circulation, to keep it well supplied with oxygenated blood. Coronary arteries deliver 
oxygenated blood to the myocardium, while eardiae veins eolleet the deoxygenated blood. 

Two main eoronary arteries—the right and the left—arise from the aseending aorta and serve as 
the prineiple routes for supplying blood to the myocardium. 


The right eoronary artery 

supplies blood to the right 
atnum, part of the left 
atrium, most of the right 
ventriele, and the inferior 
part of the left ventriele. 



The left eoronary artery, which 
branehes into the anterior 
deseending and circumflex 
arteries, supplies blood to the left 
atrium, most of the left ventriele, 
and most of the interventricular 
septum 


Anterior 
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FAST FACT 





e most abundant blood supply 
goes to the myocardium of the 
left ventriele. Thats because the 
left ventriele does most of the 
work and therefore needs more 
oxygen and nutrients than the 
rest of the myocardium. 


» 
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The Body AT WORK 

ilnlike the rest ofthe body, eoronary arteries 
reeeive theirsupplyofblood when the ventrieles 
relax. That's because myoeardial eontraetion 
eompresses the eoronary arteries, restrieting 
blood flow. Also, as the aortie valve opens 
daring eontraetion, the cusps ofthe valve 
eover the openings to the eoronary arteries, 
bloeking the flowofblood. When the 
ventrieles relax, the eoronary arteries fill i /vith 
the blood needed to nourish the heart muscle. 
Knowing this, ean you see why a sustained 
elevated heart rate ean be harmful? 





















281 


Life lesson: Angina and myoeardial infaretion 

Coronary artery disease is the leading cause of death in Ameriea today, causing almost one-half million deaths 
eaeh year. The disease results when the eoronary arteries beeome bloeked or narrowed by a buildup of eholesterol 
and fatty deposits (atheroselerosis). Any intermption in blood supply to the myocardium deprives the heart tissue 
of oxygen (isehemia), causing pain. Within minutes, eell death (neerosis) occurs. 

Sometimes the intermption is temporary, such as in angina peetoris. What happens in this eondition is that a 
partially bloeked vessel spasms—or the heart demands more oxygen than the narrowed vessel ean supply (such 
as during a period of exertion). When the demand for oxygen exceeds the supply, isehemia and ehest pain result. 
With rest, the heart rate slows and adequate circulation resumes. Chest pain stops and permanent myoeardial 
damage is avoided. 

A more serious eondition is a myoeardialinfaretion (Ml). In this situation, blood flow is eompletely bloeked by a 
blood elot or fatty deposit, resulting in the death of myoeardial eells in the area fed by the artery. Onee the eells 
die, they produce an area of neerosis. 

Symptoms of a Ml, or"heart attack,"vary widely, particularly between women and men. Men eommonly 
experience ehest pain or pressure, diseomfort in the upper body (including either arm, the baek, neek, jaw, or 
stomaeh), shortness of breath, nausea, profuse sweating, or anxiety. Women are more likely to eomplain of 
sudden extreme fatigue (not explained by a laekof sleep), abdominal pain or"heartburn,"dizziness, or weakness. 



Posterior 
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Most eardiae veins empty into the eoronary sinus, a 
large transverse vein on the heart's posterior, which 
returns the blood to the right atrium. (The exception 
is the anterior eardiae veins, which empty direetly 
intothe right atrium.) 




The Body AT WORK 

When o bloekage occurs gradually, a 
narrovved eoronary artery may develop 
"eollateral circulation."Collateral circulation is 
vvhen nevv blood vessels develop to reroate 
blood flovv around a bloekage. Even so, the 
nevv arteries may not supply enough blood to 
the myocardium during times ofinereased 
oxygen demand, such as daring exertion or 
stress. The good nevvs, hovvever, is thatstudies 
have shovvn that regaiar exercise promotes the 
developmentofeven greater eollateral 
circulation. 


T FACT 


Heart disease kills twice as many women as all 
eaneers eombined. In addition, women are 
more likely to die from their first heart attaek 
than men are. 


CHAPTER 14 Heart 
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Cardiac muscle is unique in that it doesn’t depend upon stimulation by extrinsic nerves to eontraet. 
Rather, it eontains speeial paeemaker eells that allow it to eontraet spontaneously, an ability ealled 
automaticity. Also, because the heart beats regularly, it is said to have rhythmieity. (Although 
extrinsic nerves don’t cause the heart to beat, the nervous system and eertain hormones ean affeet the 
heart’s rate and rhythm.) 

The eleetrieal impulses generated by the heart follow a very speeifìe route through the 
myocardium, as shown below. 


ANIMATION 0 



Normal eardiae impulses arise in the 
sinoatrial (SA) node from its spot in the 
wall of the right atrium just belowthe 
opening of the superior vena eava. 



An interatrial bundle of conducting 
fibers rapidly conducts the impulses 
to the left atrium, and both atria begin to 
eontraet. 



The impulse travels along three internodal bundles 
to the atrioventricular (AV) node (loeated near 
the right AV valve at the lower end of the interatrial 
septum). There, the impulse slows eonsiderably to 
allow the atria time to eontraet eompletely and the 
ventrieles to fill with blood.The heart's skeleton 
insulates the ventrieles, ensuring that only impulses 
passing through the AV node ean enter. 



After passing through the AV node, 
the impulse pieks up speed. It then 
travels down the bundle of His, also 
ealled the atrioventricular (AV) bundle. 



The AV bundle soon branehes into 

right and left bundle branehes. 



Purkinje fibers conduct the 
impulses throughout the muscle of 


both ventrieles, causing them to eontraet 
almost simultaneously. 






The Body AT WORK 

The SA node is the heart's primary paeemaker. If 
the SA node fails to fire, paeemaker eells in the AV 
node or Purkinje fibers ean initiate impulses, 
although at a slovver rate. Paeemakers other than 
the SA node are ealled eetopie paeemakers. The 
heart's paeemakers, and their firing rates vvhen 
the heart is at rest, are as follovvs: 

• SA node: Fires at 60 to 80 beats per minute 

• AVnode: Has a firing rate of40 to 60 beats 
perminate 

• Purkinje fibers: Have a firing rate of20 to 
40 beats per minate 




FAST FACT 


Because the signals triggering the 
hearts eontraetions originate 
within itself, even if the heart is 
removed from the body, it will 
continue to beat for hours as 
long as it s kept in a proteeted 
environment. 






























Eleetroeardiogram 

Cardiac impulses generate eleetrieal currents in the heart. These currents spread through surrounding 
tissue and ean be deteeted by eleetrodes plaeed on the body’s surface. The reeord of these signals is 
ealled an eleetroeardiogram (ECG). An ECG reeords the eleetrieal aetivity or impulses; it does not 
reeord the heart’s eontraetions. An ECG that appears normal is ealled normal sinus rhythm, 
meaning that the impulse originates in the SA node. An irregular heartbeat is ealled an arrhythmia. 


QRS 

complex 



The P wave represents atrial depolarization: 
the transmission of eleetrieal impulsesfrom 
the SA node through the atria.This occurs 
right before the atria eontraet. 


The PR interval represents the time it takes 
for the eardiae impulse to travel from the 
atriatotheventrieles. 


The QRS complex represents ventricular 
depolarization: the spread of eleetrieal 
impulses throughout the ventrieles. 


The ST segment represents the end of 
ventricular depolarization and the 
beginning of ventricular repolarization. 


The T wave represents ventricular 
repolarization. 



Life Lesson: Arrhythmias 

Arrhythmias result when part of the conduction pathway is injured or when a part of the 
myocardium other than the SA node (ealled an eetopie focus) generates a beat. Common 
eardiae arrhythmias include atrial flutter, premature ventricular eontraetions, and ventricular 
fibrillation. 

Atrial flutter occurs when an eetopie focus in the atria fires rapidly, causing the atria to 
eontraet between 200 and 400 times per minute. The AV node bloeks impulses in excess of 
180 beats/minute, which helps proteet the heart from a life-threatening ventricular 
response. Because proper atrial function isn't as crucial as proper ventricular function, atrial 
flutter isn't usually life-threatening. 

Premature ventricular eontraetions (PVCs)—which may occur as a single beat or in bursts 
of several beats—result from the firing of an eetopie focus in the ventrieles. While PVCs may 
indieate a serious underlying eondition, more benign causes of PVCs include a laek of sleep, 
eaffeine, or emotional stress. 

Ventricular fibrillation, on the other hand, is a life-threatening emergeney. Resulting from 
eleetrieal signals arising from different regions of the myocardium, fibrillation causes the 
heart to quiver rather than eontraet. Sinee a fibrillating heart ean't pump blood, eardiae 
output plummets and eardiae arrest may quickly follow. 

Ventricular fibrillation requires immediate defibrillation. In this procedure, a strong 
eleetrieal jolt is delivered to the heart through a pair of large eleetrodes, causing the entire 
myocardium to depolarize. If the first part of the heart to reeover from depolarization is the 
SA node, sinus rhythm ean resume. Keep in mind that defibrillation treats only the symptom 
of fibrillation; it doesn't treat its cause. However, onee sinus rhythm is restored, other 
treatments ean be implemented to eorreet the cause of the arrhythmia. 




















Cardiac Cycle 






The series of events that occur from the beginning of one heartbeat to the beginning of the next is 
ealled the eardiae eyele. The eardiae eyele eonsists of two phases: systole (eontraetion) and diastole 
(relaxation). Both atria eontraet simultaneously; then, as the atria relax, both ventrieles eontraet. 

The vibrations produced by the eontraetion of the heart and the closure of the valves produce 
the a lub-dub” heart sounds that ean be heard with a stethoseope. The first heart sound (S^) is 
louder and longer; the seeond sound (S 2 ) is a little softer and sharper. 


Here’s what happens during one heartbeat: 


R 


ANIMATION @ 






• Retiirning venous blood 
has filled the atria, 
causing their pressure to 
rise abovethat in the 
ventrieles. 

• The AV valves open and 
blood flows into the 
ventrieles. 

• The P wave appears on 
the ECG, marking the end 
of atrial depolarization. 



2 Atrial 
systole 

• The AV valves are open 
and the semilunar 
valves are elosed. 

• The atria eontraet to 
ejeet their remaining 
volume of blood. 

• The ventrieles are 
relaxed, filling with 
blood. 


; 















The Body AT WORK 

The rightand left ventrieles reeeive about 70% of 
their bloodpassively: itsimply flovvs from the right 
and left atria after the mitral and tricuspid valves 
open. Late in the filling proeess, both atria eontraet. 
Knovvn as atrialkiek, this eontraetion supplies the 
ventrieles vvith the remaining 30%) ofthe blood. 

In eontrast, the ventrieles mustactivelypump 
all their blood to the arteries. Knovving this, it 
beeomes elear vvhy properly functioning ventrieles 
are more erneial to survival than properly 
functioning atria. 



3 lsovolumetric 

eontraetion 

• This is the brief period 
during which the 
ventrieles are beginning 
to eontraet butthe 
semilunar valves 
haven't yet opened. 
(A/ote.'The prefix iso- 
means"equal"; 
volumetric refers to 
volume.Therefore, 
isovolumetric refers to 
something having the 
same or equal volume.) 

• The volume of blood in 
the ventrieles remains 
eonstant, but the 
pressure rises rapidly as 
the ventrieles begin to 
eontraet. 

• The R wave appears on 
the ECG. 

OThe first heart sound 
(Sp ean be heard. 


4 Ventricular 
ejeetion 

• When the pressure in 
the ventrieles exceeds 
the pressure in the 
pulmonary artery and 
aorta, the semilunar 
valves open. 

• Blood spurts out of 
eaeh ventriele: rapidly 
at first and then more 
slowly as the pressure 
drops. 

• The ventrieles don't 
ejeet all of their blood. 
The blood remaining in 
the ventrieles at the end 
of the ejeetion period is 
the residual volume. 

• TheT wave occurs late 
in this phase, beginning 
at the moment of peak 
ventricular pressure. 


5 isovolumetric 
ventricular 
relaxation 

• This is the period at the 
end of ventricular 
ejeetion—before the AV 
valves have opened but 
afterthe semilunar 
valves have elosed to 
prevent blood from 
reentering the ventrieles. 
• The volume of blood in 
the ventrieles remains 
unchanged, but the 
pressurefalls 
dramatieally as the 
ventrieles relax. 

• TheT wave ends on the 
ECG. 

OThe seeond heart 
sound (S 2 ) ean be 
heard as blood 
rebounds against the 
elosed semilunar 
valves. 
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Cardiac output (CO) refers to the amount of blood the heart pumps in 1 minute. To determine 
eardiae output multiply the heart rate (HR)—the number of times the heart beats in 1 minute— 
by the stroke volume (SV)—the amount of blood ejeeted with eaeh heartbeat. 


eo 


HR 


sv 

The amount of blood pumped 
by the heart in 1 minute 

— 

The number of times the 
heart beats in 1 minute 

X 

The amount of blood ejeeted 
by the heart with eaeh beat 


A typieal resting heart rate is 75 beats per minute. The 
heart ejeets about 70 ml eaeh time it beats: that’s its stroke 
volume. To determine eardiae output, multiply 75 X 70; 
that equals 5250 ml, or over 5 liters, eaeh minute. That is a 
typieal eardiae output. 

Cardiac output inereases with aetivity, but the average 
resting eardiae output is between 5 and 6 liters per minute. 

If an individuals heart has a greater stroke volume (such as 
the well-conditioned heart of an athlete), the heart would 
have to beat fewer times to maintain a eardiae output of 
5 liters per minute. This explains why athletes tend to have 
slower pulse rates. 

Because eardiae output equals heart rate times stroke 
volume, the only two ways to affeet eardiae output are: 

1. Change the heart rate 

2 . Change the stroke volume 

Keep in mind, though, that these two faetors are interdependent. When heart rate inereases, stroke 
volume deereases. That’s because the faster the heart rate, the less time the ventrieles have to fìll. 

Heart Rate 

A person’s heart rate, or pulse, is the number of times the heart beats eaeh minute. Newborn infants 
have heart rates of about 120 beats per minute. Young adult females tend to have heart rates of 72 
to 80 beats per minute; young adult males have heart rates of 64 to 72 beats per minute. 

A persistent pulse rate slower than 60 beats per minute is ealled bradyeardia, although this 
eommonly occurs during sleep or in athletes. A persistent, resting heart rate greater than 100 beats 
per minute is ealled taehyeardia. 



That Makes Sense 

To help elarify the variables affeeting eardiae output, 
envision yourselfpumping vvater out of an old-fashioned 
hand pump. The more timesyou pump (HR), the more 
wateryou'll produce (CO). Ofcourse, the numberof 
buckets you'll fill for every 100 pumps on the handle will 
vary, depending upon the volume offlow (SV). For 
example, ifthe water pressare is low and eaeh pump 
produces a triekle, i 00 pumps may barely fill a bucket. 
However, ifthe water flow is strong, 100 pumps may fill 
several buckets. 





CT 


The bodys total volume of blood is 4 to 6 liters. 
Sinee a normal eardiae output is 5 liters per minute, 
that means the body s total volume of blood passes 
through the heart every minute. 


CHAPTER 14 Heart 
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Faetors Affeeting Heart Rate 

The heart generates and maintains its own beat. However, the nervous 
system—even though it doesnt initiate the heartbeat—ean alter the 
heart’s rhythm and foree of eontraetions. Speeifìeally, the medulla in the 
brain deteets ehanges in the body and sends messages to the sympathetie 
or parasympathetie nervous system (divisions of the autonomic nervous 
system) to raise or lower heart rate. Here’s how it works: 




The medulla in the brain eontains a 

CARDIAC CENTER. 

In turn, the eardiae eenter eontains an 


Faetors such as exercise 
and stress stimulate the 
aeeeleratory eenter. 




ACCELERATORY 

CENTER 


and 


INHIBITORY 

CENTER 




Faetors such as a rise in 
blood pressure stimulate 
the inhibitory eenter. 




The aeeeleratory eenter 


The inhibitory eenter sends 

sends out impulses via the 


signals via the 

SYMPATHETIC NERVOUS 


PARASYMPATHETIC 

SYSTEM. 


NERVOUS SYSTEM. 



The sympathetie nervous system 
sends impulses through eardiae 
nerves (which seerete 
norepinephrine) to the SA 
node, the AV node, and the 
myocardium. This aeeelerates 
the heart rate and inereases the 

foree of eontraetions. 




HR 


HR 




The parasympathetie nervous 
system sends signals via the 
vagus nerve (which seeretes 
aeetyleholine) to the SA and 
AV nodes, which slows the 

heart rate. 


j 

/ 



For more information, see Chapter 10, Nervons System. 

























































Input to the Cardiac Center 

The eardiae eenter in the medulla reeeives input from multiple sources to 
initiate ehanges in heart rate. These include reeeptors in the muscles, joints, 
arteries, and brainstem. For example: 


Spinal eord 



Sensory 


Proprioeeptors 

Proprioeeptors in the miiseles and joints signal the eardiae 
eenter of ehanges in physieal aetivity.This allows the heart to 
inerease output even before the muscles demand more blood flow. 


Chemoreceptors 



Life lesson: 

Emotions and heart rate 

Emotions such as fear, pain, grief, and anger all affeet 
heart rate. This occurs because two almond-shaped 
areas of the brain, ealled amygdalae, are key players 
in the formation and storage of memories assoeiated 
with emotion. It's thought that stimulation of the 
amygdalae (such as by emotion) causes it to send 
impulses to the autonomic nervous system. 

Anxiety, fear, and anger all cause the heart to beat 
faster. In eontrast, grief slows the heart rate. It's also 
interesting that just the thought of doing something 
frightening—such as sky diving or taking a plunge 
off the high dive—ean make your heart beat faster. 


Carotid body 


Common 
earotid artery 


Aortie areh 



Internal earotid 
artery 


Carotid body 


Carotid sinus 
baroreeeptors 


Aortie body 


Aortie areh 
baroreeeptors 


2 


Chemoreceptors 

ehemoreeeptors —found in the aortie areh, earotid arteries, 
and medulla—deteet inereases in earbon dioxide, deereases in 
oxygen, and deereases in pH. In response, the sympathetie nervous 
system inereases heart rate and stroke volume so as to circulate 
more oxygen. (Note: A cluster of ehemoreeeptors near the fork of 
the earotid artery is ealled a earotid body. A similar cluster in the 
aorta is ealled an aortie body.) 


Baroreeeptors 

Baroreeeptors (pressoreeeptors) —pressure sensors in the aorta 
and internal earotid arteries—deteet ehanges in blood pressure. If 
blood pressure falls, eardiae output drops; therefore, the 
eardioaeeeleratory eenter will stimulate the heart to beat faster and 
maintain eardiae output. Viee versa, if blood pressure suddenly 
rises, impulses will be sent to slow the heart rate, deereasing 
eardiae output, and lowering blood pressure. 
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PARTIV Maintenanee of the Body 



Stroke Voliime 

Stroke volume—the seeond faetor affeeting eardiae output—is never 100% of the volume in the 
ventrieles. Typieally, the ventrieles ejeet 60% to 80% of their blood volume. This pereentage is 
ealled the ejeetion fraetion. An ejeetion fraetion signifìeantly lower than this indieates that the 
ventriele is weak and may be failing. 

Faetors Affeeting Stroke Volume 

Stroke volume is affeeted by three faetors— preload, eontraetility, and afterload: 


ANIMATION 






Preload 


Contractility 

Afterload 

• Preload is the amoiint of 


• Oontraetility is the foree with which ventricular ejeetion 

• The forees the heart must work 

tension, or streteh, in the 


occurs. 

against (such as the pressure of 

ventricular muscle just 


• The more the ventriele is stretehed (within limits), the more 

the blood in the arteries) to ejeet 

before it eontraets. 


forcefully it will eontraet.This is known as Starling's law of 

its volume of blood is ealled the 

• The more blood entering the 


the heart. 

afterload. 

heart, the more the ventriele 


• Because the amount of blood in the ventriele at the end of 

• An inerease in afterload (such as 

stretehes. 


diastole determines how much the ventriele is stretehed, the 

high blood pressure) opposesthe 

• Exump/e:Think of shooting a 


more blood returned to the heart eaeh minute, the more 

ejeetion of blood from the 

rnbber band.The tension, or 


forcefully it will eontraet.Too much blood, however, ean 

ventrieles, which deereases 

streteh, plaeed on the rnbber 


overstreteh the heart's muscle, causing it to lose elastieity. 

stroke volume. 

band before you shoot it is its 


• Example :The more you streteh the rnbber band, the more it 

• Example: If you try to shoot a 

preload. 


will eontraet when it's released, and the farther it will fly. 

rnbber band under water, the 



Likewise, an old rnbber band that has been overstretehed isn't 

pressure of the water (the 



as elastie as a new one and won't fly as far when released. 

afterload) will resist the forward 

movement of the rubber band. 



Foetors that offeet eontroetility ore eolled inotropie ogents. (Tip: To help remember this term, think 
"in."An IN-otropie ogent offeets the myocordium's obility to eontroet IN-word.) Agents thot 
inereose eontroetility (positive inotropie ogents) include excess colcium ond epinephrine. Agents 
thot deereose eontroetility (negotive inotropie ogents) include o colcium defieieney os well os o 
potossium excess. 

Foetors thot influence heort rote ore eolled ehronotropie ogents. (Tip: The prefix ehron- refers 
to time, os in o ehronology. Therefore, ehronotropie refers to how mony times the heort beots 
within o eertoin time period.) Agents thot inereose heort rote (positive ehronotropie ogents) 
include epinephrine ond low levels ofcolcium. Agents thot deereose heort rote (negotive 
ehronotropie ogents) include oeetyleholine ond excess levels ofpotossium. 
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Life lesson: Congestive heart failnre 

Congestive heart failure (CHF) results when either ventriele fails to pump blood effeetively.This ean occur because 
the ventriele is weakened from a myoeardial infaretion. Also, prolonged high blood pressure or ineompetent heart 
valves, both of which foree the heart to work harder, ean weaken the ventrieles. Chronic lung disease plaees a 
strain on the right ventriele, because diseased lungs make it more difficult for the right ventríele to pump blood 
into pulmonary circulation. Over time, this ean lead to failure of the right ventriele, ealled right-sided heart failure. 
Failure of the left ventriele is ealled left-sided heart failure. 

Symptoms of eongestive heart failure vary aeeording to the side of the heart affeeted. Keep in mind, however, 
that the failure of one ventriele plaees an added strain on the other ventriele. Eventually, both ventrieles fail. 


Left Ventricular Failiire 



If the left ventriele fails, it falls behind 
in ejeeting all of the blood it reeeives 
from the lungs. 

Right Ventrieiilar Failure 



If the right ventriele fails, it falls 
behind in ejeeting all of the 
blood it reeeives from the 
systemie circulation. 



Consequently, blood baeks up in the 
lungs. 



Blood baeks up into the vena eava 
and throughout the peripheral 
vascular system. 



This causes: 

• Shortness of breath 

• A buildup of fluid in the lungs 
(pulmonary edema) 

• Coughing 



This results in: 

• Generalized swelling throughout the body 
(systemie edema) 

Enlargement of the liver and spleen 
Pooling of fluid in the abdomen (aseites) 

• Distension of the jugular veins 

• Swelling of the ankles, feet, and fingers 


FAST FACT 


Adults with diabetes have a two to eight 
times greater risk of developing heart 
failure. Thats partly because the disease 
proeess of diabetes damages the heart 
muscle. 


CHAPTER 14 Heart 







































PARTIV Maintenanee of the Body 




Review of Key Terms 


Afterload: The forees that impede the 
flow of blood out of the heart 

Aortie valve: Heart valve that prevents 
backflow from the aorta to the left 
ventriele 

Apex: Pointed end of the heart, the 
loeation of the point of maximum 
impulse 

Atrioventricular (AV) node: Group of 
paeemaker eells in the interatrial 
septum that relays impulses from the 
atria to the ventrieles 

Atrium: The upper ehamber of eaeh 
half of the heart 

Automaticity: The unique ability of 
the eardiae muscle to eontraet 
without nervous stimulation 

Baroreeeptors: Pressure sensors in the 
aorta and earotid arteries that deteet 
ehanges in blood pressure; also ealled 
pressoreeeptors 

Base: Broadest part of the heart; 
where great vessels enter and leave 

Cardiac eyde: The series of events that 
occur from the beginning of one 
heartbeat to the beginning of the next 

Cardiac output:The amount of blood 
pumped by the heart in 1 minute 

ehemoreeeptors: Sensors in the aortie 
areh, earotid arteries, and medulla 
that deteet inereased levels of earbon 
dioxide, deereased levels of oxygen, 
and deereases in pH 


ehordae tendineae: Tendinous eords 
that eonneet the edges of the AV 
valves to the papillary muscles to 
prevent inversion of the valve during 
ventricular systole 

Coronary arteries: Vessels that deliver 
oxygenated blood to the myocardium 

Coronary sinus: Large transverse vein 
on the heart’s posterior that returns 
blood to the right atrium 

Diastole: The period of eardiae muscle 
relaxation 

Eleetroeardiogram (ECG): Reeord of the 
eleetrieal currents in the heart 

Endocardium: The endothelial 
membrane that lines the ehambers of 
the heart 

Epicardium:The serous membrane on 
the surface of the myocardium 

Mediastinum: Spaee between the lungs 
and beneath the sternum 

Mitral valve: The valve that regulates 
blood flow between the left atrium 
and left ventriele 

Myocardium:The middle layer of the 
heart wall; eomposed of eardiae muscle 

Perieardial eavity: Spaee between the 
viseeral and parietal layers of the 
serous pericardium that eontains a 
small amount of serous fluid 

Pericardium: The membranous 
fibroserous sae enelosing the heart 
and the bases of the great vessels 


Preload: The amount of tension, or 
streteh, in the ventricular muscle just 
before it eontraets 

Proprioeeptors: Sensors in muscles and 
joints that signal the eardiae eenter of 
ehanges in physieal aetivity 

Pulmonary valve: Heart valve that 
prevents backflow from the 
pulmonary artery to the right 
ventriele 

Purkinje fiber: Nerve-like proeesses 
that extend from the bundle branehes 
to the ventricular myocardium; form 
the last part of the eardiae conduction 
system 

Rhythmieity: Term applied to the 
heart’s ability to beat regularly 

Semilunar valves: The two valves that 
regulate flow between the ventrieles 
and the great arteries 

Sinoatrial node: The hearfs primary 
paeemaker, where normal eardiae 
impulses arise 

Stroke volume: The amount of blood 
ejeeted by the heart with eaeh beat 

Systole: Contraction of the ehambers 
of the heart 

Triaispid valve: The right atrioventricular 
valve, which regulates flow between the 
right atrium and right ventriele 

Ventrides: The two lower ehambers of 
the heart 


Own the Information 



To make the information in this ehapter part of your 
working memory, take some time to refleet on what youve 
learned. On a separate sheet of paper, write down 
everything you reeall from the ehapter. After you’re done, 
log on to the DavisT/^ website, and eheek out the Study 
Group podeast and Study Group Questions for the ehapter. 


Key Topies for Ohapter 14: 

• The size, loeation, and key structures of the heart 

• Sounds made by the heart 

• Heart ehambers, valves, and great vessels 

• Blood flow through the heart 

• Coronary circulation 

• Cardiac conduction and ECGs 

• Cardiac eyele 

• Cardiac output and the faetors affeeting eardiae output 
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Ansivers: Chapter 14 

1. Correct answer: C. The mediastinum is the spaee 
between the lttngs in which the heart lies. The base 
is the broadest part of the heart, loeated at the 
upper right portion of the heart. The aorta is one 
of the great vessels. 

2. Correct answer: e. The myocardium is the heart’s 
muscle, which forms the middle layer of the heart 
wall. The pericardium is the double-walled sae 
surrounding the heart. The epicardium eovers the 
heart’s surface. 

3. Correct answer: d. The pulmonary valve prevents 
backflow from the pulmonary artery to the right 
ventriele. The aortie valve prevents backflow from 
the aorta to the left ventriele. The tricuspid valve 
prevents backflow from the right ventriele to the 
right atrium. 

4. Correct answer: a. The aorta supplies blood to the 
body. The pulmonary artery supplies blood to the 
lungs. The pulmonary veins supply blood to the 
left atrium. 

5. Correct answer: d. The blood inside the left 
ventriele, as well as the blood in the other heart 
ehambers, does not supply the myocardium with 
the oxygen it needs. The eoronary sinus is a large 
vein that returns deoxygenated blood to the right 
atrium. 

6. Correct answer: d. The atrioventricular node 
reeeives the impulse from the SA node and 
transfers it to the ventrieles. The Purkinje fìbers 
conduct impulses throughout the muscle of both 
ventrieles. If the SA node fails, the AV node and 
the Purkinje fibers ean initiate impulses, but they 
aren’t the primary paeemakers. The sympathetie 
nervous system ean alter the heart’s rate, but it 
doesn’t aet as a paeemaker. 

7. Correct answer: b. The P wave represents atrial 
depolarization. The T wave represents ventricular 
repolarization. The PR interval represents the time 
it takes for the eardiae impulse to travel from the 
atria to the ventrieles. 

8. Correct answer: d. Cardiac output is the amount of 
blood pumped by the heart in 1 minute. The 
heart’s ability to beat spontaneously is ealled 
rhythmieity. The period of time when the left 
ventriele ejeets its volume of blood is one portion 
of the eardiae eyele. 

9. Correct answer: a. Multiplying stroke volume by 
ejeetion fraetion or age by heart rate does not 
supply useful information. Ejeetion fraetion is the 
pereentage of blood ejeeted by the left ventriele 
with eaeh eontraetion. 

10. Correct answer: a. The sympathetie nervous system 
sends impulses via the eardiae nerves to aeeelerate 
the heart rate. Aetivation of vagus nerve would 
lower, rather than raise, blood pressure. 

11. Correct answer: d. Contractility is the foree with 
which ventricular ejeetion occurs. Afterload is the 
forees the heart must work against to ejeet blood. 
Aseites is the pooling of fluid in the abdominal 
eavity. 


1. The point of maximum impulse 
of the heart is at the: 

a. mediastinum. 

b. base. 
e. apex. 

d. aorta. 

2 . The portion of the heart wall 
that lines the heart’s ehambers is 
the: 

a. myocardium. 

b. pericardium. 

e. endocardium. 

d. epicardium. 

3. Which heart valve eontrols the 
flow of blood between the left 
atrium and the left ventriele? 

a. Pulmonary valve 

b. Aortie valve 

e. Tricuspid valve 

d. Mitral valve 

4 . What is the name of the great 
vessel that supplies blood to the 
right atrium? 

a. Superior and inferior vena 
eavae 

b. Aorta 

e. Pulmonary artery 

d. Pulmonary veins 

5 . How does the myocardium 
reeeive its blood supply? 

a. It reeeives its supply of blood 
from the left ventriele. 

b. It reeeives its blood through 
the eoronary sinus. 

e. It doesn’t require any additional 
blood other than what flows 
through the ehambers. 

d. It reeeives its blood through 
the right and left eoronary 
arteries. 

6. What is the heart’s primary 
paeemaker? 

a. The atrioventricular (AV) node 

b. The Purkinje fìbers 

e. The sympathetie nervous 
system 

d. The sinoatrial (SA) node 


7 . On an eleetroeardiogram, the 
QRS complex represents: 

a. atrial depolarization. 

b. ventricular depolarization. 
e. ventricular repolarization. 

d. impulse transmission from the 
atria to the ventrieles. 


9 . Cardiac output equals: 

a. heart rate times stroke volume. 

b. stroke volume times ejeetion 
fraetion. 

e. age times heart rate. 

d. the pereentage of blood ejeeted 
by the ventrieles with eaeh 
eontraetion. 

10. The parasympathetie nervous 
system sends impulses to the 
heart via the vagus nerve, which: 

a. slows the heart rate. 

b. inereases the heart rate. 

e. doesnt affeet the heart rate. 

d. raises the blood pressure, 
which, in turn, slows the heart 
rate. 

11. What is the term used to deseribe 
the amount of tension, or streteh, 
in the ventricular muscle just 
before it eontaets? 

a. Contractility 

b. Afterload 

e. Aseites 
d. Preload 


8. The eardiae eyele is: 

a. the amount of blood pumped 
by the heart in 1 minute. 

b. the hearfs ability to beat 
spontaneously. 

e. the period of time when the 
left ventriele ejeets its volume 
of blood. 

d. the series of events that occur 
from the beginning of one 
heartbeat to the beginning of 
the next. 
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CHAPTER OLITLINE 

Vessel Structure 

Arteries 

Veins 

Capillaries 

Circulatory Routes 

Prineiples of Circulation 


LEARNING OUTCOMES 

1. Traee the route taken by blood as it leaves, and 
then returns to, the heart. 

2. Deseribe the structure of the vvalls of arteries 
and veins. 

3. Discuss the structure and function of the three 
elasses of arteries. 

4. Deseribe the eharaeteristies that make veins 
distinet from arteries. 

5. Discuss the structure and function of the three 
elasses of veins. 

6. Deseribe the structure 7 function, and 
organization of eapillaries. 

7. Explain the methods of eapillary exchange: 
diffosion, filtration, and eolloid osmotie 
pressure. 

8. Identify and explain three main causes of 
edema. 

9. Traee the path of pulmonary circulation. 

10. Name the regions of the aorta and the major 
arteries arising from eaeh region. 

11. Deseribe the blood supply to the head and 
neek. 

12. Identify the prineipal veins of systemie 
circulation. 

13. Discuss hepatie portal circulation. 

14. Discuss the prineiples of a pressure gradient 
and hovv it relates to blood pressure and 
circulation. 

15. Summarize hovv eardiae output, blood volume 7 
and resistanee affeet blood pressure. 

16. Explain the relationship betvveen blood 
pressure, peripheral resistanee, and blood flovv. 

17. Discuss vvhy blood flovv through eapillaries is 
slovver than in any other part of the vascular 
system. 

18. Deseribe the neural and hormonal regulation 
of blood pressure and flovv. 

19. Deseribe hovv the skeletal muscle pump and 
the respiratory pump aid venous return. 
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The vasetilar system ofthe average adiilt is more than 60,000 
miles long: enotigh to eirele the earth ttviee. 


FAST FACT 


When the body is at rest, only 
4% of the blood is in the heart; 
the rest is in the blood vessels. Of 
that, about 13% is in circulation 
in the brain. 



Every organ, every tissue, and every eell in the body depends upon a continual 
supply of blood to provide it with oxygen and nutrients and to remove waste 
products. The body has an elaborate system of vessels—the vascular system— 
to meet this need. 

The demands on this system are great: it must penetrate every square ineh of 
the body, from the skin’s surface to the deepest reeesses of the internal structures. 
It must adapt to ehanges in body position (from lying down to standing up.. .or 
even being upside down), ehanges in aetivity, and ehanges in fluid volume. It 
must also work with the heart to keep the blood eonstantly moving. 

The framework of this system eonsists of three types of blood vessels: 




eapillaries 


Vein 


Right 

ventriele 


Artery 


Left 

ventriele 




já 



1 



1 



Arteries earry blood away from the heart. 



Veins return blood to the heart. 



Capillaries eonneet the smallest arteries 
to the smallest veins. 



To remember the differenee betvveen the various blood 
vessels, remember: 

• Arteries Avvay: arteries earry blood avvay from the 
heart. 

• Capillaries Connect: eapillaries serve to eonneet 
arteries and veins. 
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Vessel Structure 
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The walls of both arteries and veins eonsist of three layers, ealled tunics. The basie layers include the tunica intima, tunica 
media, and tunica externa. 



£ 

5 


n> 

3 

m 

3 

r» 

fl> 

O 


fl> 

00 

O 

O. 




Tunica intima, the innermost layer, is 
exposed to the blood. It eonsists of a 
simple squamous epithelium—ealled 
endothelium —that is continuous with 
the endothelium that lines the heart. Its 
smooth surface keeps blood flowing 
freely, without stieking to the vessel 
wall.This layer also produces ehemieals 
that cause blood vessels to dilate or 
eonstriet. 


Tunica media, the middle layer, is the 
thiekest layer. Composed of smooth 
muscle and elastie tissue, it allows the 
blood vessel to ehange diameter.The 
smooth muscle in this layer is innervated 
by the autonomic nervous system. 


Tunica externa f the outer layer, is made 
of strong, flexible, fibrous eonneetive 
tissue.This layer supports and proteets 
the blood vessel. In veins, this is the 
thiekest of the three layers. In arteries, it's 
usually a little thinner than the middle 
layer. 



Life lesson: Anenrysm 

The blood flowing through arteries is under high pressure. If a portion of the 
arterial wall weakens, the blood inside the artery wíII push against the weakened 
area, causing it to bulge. This is ealled an aneurysm. The most eommon cause of 
aneurysm development is atheroselerosis eombined with high blood pressure, 
although they may also result from a eongenital weakness of the vessel wall, 
trauma, or a baeterial infeetion. 

The most eommon sites for aneurysms include the aorta, the renal arteries, 
and a eirele of arteries at the base of the brain. If the aneurysm ruptures, massive 
hemorrhage will result. Even without rupturing, the aneurysm ean cause pain 
and even death by putting pressure on surrounding nerves, tissues, and organs. 














Arteries 




Arteries earry blood away from the heart. Every time the heart eontraets, it forcefully ejeets blood into the arteries. 
Therefore, arteries must be strong as well as resilient to withstand these high pressures. 

The arteries elosest to the heart are the largest. As they travel farther away from the heart, the arteries braneh and divide, 
beeoming ever smaller. Finally, they beeome arterioles, which are the smallest arteries. Arteries ean be divided into 
conducting arteries, distributing arteries, and arterioles. 


Tunica 

externa 


Tunica 

media 
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Tunica intima: 

Basement 

membrane 

Endothelium 
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Conducting Arteries 

The bodys largest arteries, these arteries expand as blood 
surges into them and reeoil when the ventrieles relax. 

Because of the large number of elastie fibers embedded in the 
tunica media, they are also ealled elastie arteries. 

Examples: Aorta, eommon earotid artery, subclavian artery 
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Tunica 


Internal Tunica Tunica intima: 


externa elastie 

lamina 


media 



Internal elastie lamina 
Basement membrane 

Endothelium 




Distributing Arteries 

These arteries earry blood farther away from the heart to 
speeifìe organs and areas of the body. 

Also ealled muscular arteries, these arteries are smaller in 
diameter than elastie arteries. 

Examples: Braehial, femoral, and renal arteries 


Tunica 

externa 


Tunica 

media 


Tunica intima: 

Basement membrane 

Endothelium 
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Arterioles 

These are the smallest arteries. 

Theyre also ealled resistanee vessels because, through the 
eontraetion of smooth muscle in their walls, they ean resist 
the flow of blood, thus helping regulate blood pressure as 
well as eontrol how much blood enters an organ. 

They are too numerous to be named. 

Arterioles are eonneeted to eapillaries by short eonneeting 
vessels ealled metarterioles. 


CHAPTER 15 Vascular System 
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Veins 


Blood returns to the heart through veins. In eontrast to arteries that braneh and divide, forming progressively smaller vessels 
as they lead away from the heart—veins eonverge, forming progressively larger and fewer vessels as they lead baek to the 
heart. Either way, the vessels elosest to the heart are the largest. Veins are distinet from arteries in other ways: 

Because they aren’t subjected to the same high pressures as arteries, the walls of veins are thinner. 

Veins have a great ability to streteh, which allows them to earry varying amounts of blood with almost no ehange in 
pressure. Because of this great eapaeity for storing blood, they’re sometimes ealled eapaeitanee vessels. 

Veins ean eonstriet extensively. This helps the body maintain blood pressure when blood volume drops, such as from a 
hemorrhage. 


Tunica 

externa 


Tunica Tunica intima: 


media 


Basement membrane 

Endothelium 
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Lumen 


Large Veins 

Formed as medium-sized veins eonverge, these veins have a thiek tunica externa 
Examples: Vena eavae, pulmonary veins, internal jugular veins 
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Valve 


Medium-Sized Veins 


Formed by the eonvergenee of venules on their route toward the heart, medium- 
sized veins have thieker, more elastie walls. 

These veins eontain one-way valves. Formed from the thin endothelium lining, 
valves keep blood moving toward the heart and prevent backflow. Veins in the legs, 
which must fìght the forees of gravity as they transport blood to the heart, eontain 
the most valves. 

Examples: Radial and ulnar veins of the forearm, saphenous veins in the legs 
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Venules 

These are the smallest veins and eolleet blood from eapillaries. 

The endothelium eonsists of squamous epithelial eells and aets as a membrane; 
the tunica media is poorly developed, giving venules thinner walls. 

They are porous and ean exchange fluid with surrounding tissues. 
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The Body AT WORK 

The body doesn'teontoin enough blood to fill the entire 
vascular system at onee. During periods ofrest, about 90% of 
the eapillaries in skeletal muscles shut down. During exercise, 
when muscles demand an abundance ofblood, the vascular 
system diverts blood from otherareas, such as the intestines. 


At the beginning of eaeh eapillary bed is a preeapillary sphíneter 
that regulates the flow of blood into the network. During exercise, 
when skeletal muscles require more oxygen, the preeapillary 
sphineters open, blood fills the eapillary network, and the 
exchange of oxygen, nutrients, and wastes occurs with the tissue 
fluid. 


Preeapillary 
sphineters 
(elosed) 


During a time of rest, the preeapillary sphineters elose. Blood 
bypasses the eapillary bed and flows direetly into a venule to begin 
its journey baek to the heart and lungs. 


Arteriole 


Venous — 
eapillaries 


Venule 
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Capillaries have very small diameters, 
barely wide enough for blood eells to 
pass. 


Preeapillary 
sphineters 
(open) 

Arterial 
eapillaries 


eapillary Organization 


Capillaries are organized into networks ealled eapillary beds. 
Connecting arterioles to venules, eapillaries form what is ealled 

the microcirculation. 


eapillaries 


Capillaries are mieroseopie vessels that link arterioles to venules. More importantly, it s 
within eapillaries that nutrients, wastes, and hormones are transferred between blood 
and tissues. These are the exchange vessels of the circulatory system. Properly 
fìmetioning eapillaries are as vital to survival as a properly beating heart. For this 
reason, no eell in the body is more than four or six cell-widths from a eapillary. 

Capillaries aren’t evenly distributed, however. Tissues with high metabolie 
rates—such as the liver, kidneys, and myocardium—eontain large numbers of 
eapillaries. Fibrous eonneetive tissues, such as tendons, have lower metabolie rates 
and eontain fewer eapillaries. Still other tissues—such as the epidermis, eartilage, 


and the lens and eornea of the eye—don’t have any eapillaries. 


FAST FACT 


Veins eontain over 50% of the 
blood in circulation; in 
eomparison, arteries eontain 11%. 
(The rest is eontained in the lungs, 
heart, and eapillaries.) 


Composed of only an endothelium and basement 
membrane, eapillaries have extremely thin walls through 
which substances ean filter. 























Sinnsoid 

Some organs—such as the liver, bone marrow, and spleen—eontain a unique eapillary ealled a sinusoid. These irregular, 
blood-fìlled spaees are more permeable, allowing for the passage of large substances such as proteins and blood eells. This is 
how blood eells formed in bone marrow as well as elotting faetors and other proteins synthesized in the liver enter the 
bloodstream. 

eapillary Exchange 

Capillary walls allow for a two-way exchange of substances and fluid. 



Capillaries release ehemieals, including oxygen, glucose, 
hormones, and nutrients that will be used by surrounding tissues. 


Capillaries take up waste, such as earbon dioxide and ammonia. 
They also take up substances that need to be transported to other 
parts ofthe body.These include glucose (released by the liver), 
calcium (released from bone), antibodies (released from immune 
eells), and hormones (released from endoerine glands). 


Water moves into and out of eapillaries. 


Meehanisms ofCapillary Exchange 

The meehanisms used to move substances into and out of eapillaries are diffìision, filtration, and 
osmosis. (See Chapter 3, Cells , for a review of these meehanisms.) 


Diffiision 

In diffìision—the most important meehanism of eapillary 
exchange—substances move from areas of greater to lesser 
eoneentration. What occurs is this: Blood flows into the 
eapillaries from the arterial system, earrying a supply of 
oxygen. Therefore, the eoneentration of oxygen inside 
eapillaries is greater than that in surrounding tissue fluid. 
As a result, oxygen diffìises out of eapillaries and into the 
surrounding fluid. 

At the same time, earbon dioxide, which is more 
eoneentrated in the fluid of the surrounding tissue, 
diffìises into the eapillary. 


ANIMATION j TÌSSUe fluid 



Arterial end 




FACT 


Capillaries make up in number what they laek in 
size. It s estimated that the body has over 1 billion 
eapillaries. 
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Filtration and Colloid Osmotie Pressure 

Filtration—another method of eapillary exchange—occurs elose to the arterial side of the 
eapillary bed, while eolloid osmotie pressure operates toward the venous side. Of all the 
fluid filtered at the arterial end of the eapillary bed, about 85% is reabsorbed at the venous 
end. The remaining 15% of fluid is absorbed and returned to the blood by the lymphatie 
system. (This will be discussed further in Chapter 16, Lymphatie & Immnne Systems.) 



Arterial end 


Blood enters the eapillary through the metarteriole.The pressure 
here is about 30 to 35 mm Hg, while the pressure of the fluid in 
surrounding tissues is about 2 mm Hg. 



Arterial end 



Arterial end 


Venous end 

Albumin 



Albumin 


Venous end 


The higher pressure in the eapillary pushes plasma and dissolved 
nutrients (such as glucose and amino aeids) through the eapillary 
wall and into the fluid in the surrounding tissues.This is filtration. 



Meanwhile, as the blood continues to move toward the venous end 
of the eapillary, blood pressure inside the eapillary drops to about 
10 mm Hg. 


The lower pressure allows proteins in the blood, such as albumin, to 
exert what's known as eolloid osmotie pressure. In this meehanism, 
the albumin in the blood pulls tissue fluid, along with the eells'waste 
products, into the eapillaries. 


Life lesson: Edema 

When fluid filters out of the eapillaries faster than it's reabsorbed, it accumulates in the tissues. 
Called edema, this accumulation of fluid appears as swelling in the ankles, fingers, abdomen, or 
faee. It may also occur in internal organs. Edema has three main causes: 

1. inereased eapillaryfiltration: Because eapillary pressure drives filtration, a rise in eapillary 
pressure would inerease filtration. Causes of inereased eapillary pressure include kidney 
failure, poor venous return from inaetivity, or failure of the right ventriele—all of which 
allow blood to accumulate in the veins and eapillaries, driving up pressure. 

2. Reduced eapillary reabsorption: Capillary reabsorption depends on albumin; therefore, a 
defieieney of albumin would slow reabsorption, causing edema. Albumin defieieney may 
result from liver disease (because albumin is produced by the liver), severe burns (which 
allow protein to be lost from the skin surface), and kidney disease (which allows albumin 
to be lost in the urine). 

3. Obstructedlymphatie drainage: Because the body depends on the lymphatie system to 
absorb 15% of the fluid filtered by the eapillaries, an obstmetion here would cause fluid to 
accumulate. Besides an obstruction, the surgical removal of lymph nodes ean also interfere 
with fluid drainage, leading to edema. 
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Circulatory Routes 


In general, blood flows from the heart through arteries, then eapillaries, then veins, and baek to the heart. Typieally, blood 
passes through only one network of eapillaries before remrning to the heart. An exception is a portal system, in which 
blood flows through two networks of eapillaries. (The bodys main portal system occurs in the liver.) Another exception is 
when two vessels join together; this is ealled an anastomosis. An anastomosis may cause blood to flow direetly from an 
artery to a vein (arteriovenous anastomosis) or from one vein to another vein (venous anastomosis). Anastomoses provide 
alternative routes of blood flow in ease a vessel beeomes obstmeted. 

The body eontains two major pathways of circulation, pulmonary circulation and systemie circulation. Pulmonary 
circulation begins at the right ventriele and involves the circulation of blood through the lungs. Systemie circulation 
begins at the left ventriele and involves the circulation of blood through the body. 

Speeialized circulatory systems include hepatie portal circulation (which routes blood from the digestive organs to the 
liver), circulation to the brain, and fetal circulation. (Because fetal circulation involves pathways that are only present before 
birth, this system will be discussed in Chapter 24, Pregnaney & Human Development.) 

Pulmonary Circulation 

Pulmonary circulation routes blood to and from the lungs to exchange earbon dioxide for oxygen. It doesn’t supply the lung 
tissue itself with oxygen. Those needs are met through systemie circulation. 


ANIMATION0 



Blood leaves the right ventriele through the 
pulmonary trunk, which branehes into the 
right and left pulmonary arteries. 



The pulmonary arteries enter the lungs. 


The pulmonary arteries braneh into lobar 
arteries (one for eaeh lobe of the lung).These 
arteries braneh into smaller and smaller 
arteries until ending at the eapillary beds. 


The eapillaries surround the alveoli, where 
the exchange of oxygen for earbon dioxide 
occurs. 


The eapillaries form venules, which merge to 
form veins.The veins merge until forming 
the pulmonary vein, which returns 
oxygenated blood to the left atrium. 
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Systemie Circulation 

Systemie circulation supplies oxygen and nutrients to organs and removes wastes. This, of course, 
involves both arteries and veins. All systemie arteries arise, either direetly or indireetly, from the 
aorta. The aorta, which originates in the left ventriele, is divided into three regions: (1) the 
aseending aorta, (2) the aortie areh, and (3) the deseending aorta. It branehes into several major 


artenes. 


2 



The aseending aorta (the first 
region) rises a few eentimeters above 
the left ventriele.The right and left 
eoronary arteries braneh off the 
aseending aorta to supply blood to 
the myoeardiiim. 
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Braehioeephalie 

artery 


Coronary artery 


Thoraeie aorta 


Abdominal aorta 


Right and left 
eommon iliae 
arteries 





The Body AT WORK 

Eaeh beatofthe heart 
produces a surge of 
pressare that ean be felt 
atpoints vvhere an artery 
eomes elose to the boóy's 
sarfaee. Perhaps the most 
eommon site used to 
measure a person's pulse 
is the radial artery in the 
vvrist. Hovvever, pulses 
ean be palpated in a 
namber of other 
loeations, including those 
shovvn here. 
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The aortie areh (the seeond 
region) curves over the 
heart and turns downward 
behind the heart, making 
an inverted U shape.The 
aortie areh branehes into 
three major arteries.They 
includethe: 

• Braehioeephalie artery, 

which, through its 
branehes, supplies 
blood to the head and 
right arm 

• Left eommon earotid 
artery, which extends 
into the neek 

• Left siibelavian artery, 

which supplies blood to 
the left shoulder and 
upper arm 
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The third region, the deseending aorta, 
travels downward dorsal to the heart 
through the thoraeie and abdominal 
eavities. It's ealled the thoraeieaorta above 
the diaphragm and the abdominalaorta 
belowthe diaphragm.The abdominal aorta 
branehes into the right and left eommon 
iliae arteries, which supply blood to the 
lower pelvis and the leg. 


Carotid 

artery 

Braehial 

artery 


Radial 

artery 


Femoral 

artery 

Popliteal 

artery 

(behind 

knee) 

Posterior 
tibial artery 

Dorsalis 
pedis artery 




FAST FACT 


Arteries and veins are typieally named for their 
loeation in the body (such as the femoral or 
axillary artery), the organ they supply (such as 
the renal artery), or a nearby bone (such as the 
radial or ulnar artery). Arteries ehange names as 
they leave one body region and enter another. 

For example, the axillary artery beeomes the 
braehial artery as it travels distally from the body. 
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Prineipal Arteries 

As previously mentioned, all of the systemie arteries arise, either direetly or indireetly, from the 


aorta. 
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The thoraeie aorta and its branehes 
supply the ehest wall and the organs 
within the thoraeie eavity. 
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The abdominal aorta gives rise to the: 

• Celiac trunk, which divides into the 
gastrie artery (which supplies the 
stomaeh), the splenie artery (which 
supplies the spleen), and the hepatie 
artery (which supplies the liver) 


Renal arteries, which supply the 
kidneys 


Superior mesenterie artery, which 
supplies most of the small intestine 
and part of the large intestine 


Inferior mesenterie artery, which 
supplies the other part of the large 
intestine 
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The distal end of the abdominal aorta 
splits into the right and left eommon 
iliae arteries, which supply the pelvie 
organs, thigh, and lower extremities. 


Major arteries branehing off the iliae 
arteries includethe: 

Internal iliae artery 


External iliae artery 
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• Femoral artery 


Popliteal artery 


Anterior tibial artery 



Posterior tibial artery 


Dorsalis pedis artery 



Branehing off the aortie areh is the: 

• Subclavian artery, 

which supplies 
blood tothe arm 


Axillary artery, which 
is the continuation of 
the subclavian artery in 
the axillary region 


Braehial artery, which is 
the continuation of the 
axillary artery and the 
artery most often used 
for routine blood 
pressure measurement 


Radial artery, which 
is often palpated to 
measure a pulse 
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Arteries of the Head and Neek 

The brain requires a eonstant supply of blood. An intermption of blood flow for just a few seeonds 
causes loss of consciousness. If the brain is deprived of oxygen for 4 or 5 minutes, irreversible brain 
damage occurs. Because of this eritieal need for oxygen, two arteries supply blood to the brain. 
Remember: Arterial blood flows from the heart. So, to traee the path of blood to the brain, begin at 
the bottom of the illustration and work upward. 


n 



> 

-o 


Internal earotid artery 
External earotid artery 



At about the level of the Adam's apple, eaeh eommon earotid 
branehes into the external earotid artery (which supplies 
most of the external head structures) and the internal earotid 
artery (which enters the eranial eavity and supplies the orbits 
and 80% of the eerebmm). 
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The right eommon earotid artery arises from the 
braehioeephalie artery. The left eommon earotid arises from 
the aortie areh. 


The vertebral arteries arise from the right and left subclavian 
arteries. Eaeh extends up the neek, through the eervieal 
vertebrae, and enters the cranium. 


Circle of Willis 

On the undersurface of the brainstem, the two vertebral arteries unite to form a single basilar artery. 
Branehes from the internal earotids and basilar artery form several anastomoses to ereate a eirele of 
arteries at the base of the brain. This eirele of arteries, ealled the eirele ofWillis, helps ensure that 
the brain reeeives an adequate supply of blood. 

The eomplete eirele of Willis eonsists of: Anterior 
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A single anterior 
communicating artery 

Two anterior eerebral 
arteries 

Two posterior 
communicating arteries 

Two posterior eerebral 
arteries 
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Anterior communicating 


Anterior eerebral 


Posterior communicating 


Posterior eerebral 


Basilar artery 


Right internal earotid 
Left internal earotid 


Right eommon earotid 


Left eommon earotid 


Left vertebral 


Right vertebral- 

Right subclavian 
Left subclavian 

Braehioeephalie 


Aortie areh 
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Prineipal Veins 

The veins drain blood from the organs and other parts of the body and earry it to the vena eava, 
which, in turn, delivers it to the heart’s right atrium. The vena eava is the body’s main vein. It’s 
divided into the: 

Superior vena eava (SVC), which reeeives blood from the head, shoulders, and arms 
Inferior vena eava (IVC), which reeeives blood from the lower part of the body 

Some veins, like the braehioeephalie, drain direetly into the SVC. Others drain into a seeond 
vein, which may merge with still another vein, before draining into the vena eava. For example, the 
axillary vein drains into the subclavian vein, which drains into the braehioeephalie vein, which then 
drains into the SVC. 


Braehioeephalie vein 


Subclavian vein 


Superior vena eava 


Axillary vein 


Inferior vena eava 


The hepatie veins drain the liver. 
Because of its proximity to the heart, 
right-sided heart failure ean cause 
eongestion in the liver. 


Common iliae vein 

Internal iliae vein 
External iliae vein 


The great saphenous vein is the 

longest vein in the body; it's frequently 
harvested for use as grafts in eoronary 
artery bypass surgery. 






Some veins—ealled superfìcial 
veins —reside near the body s surface, 
such as the veins on the baek of the 
hand. Other veins—ealled deep 
veins —lie in deep, well-protected 
areas, often alongside bones and their 
eorresponding artery. For example, the 
femoral artery and vein both run 
alongside the femur bone. 


Basilie vein 


Radial vein 



The internal jugular vein 

drains most of the blood from 
the brain. In right-sided heart 
failure, blood baeks up from 
the heart and causes jugular 
vein distension. 


External jugular vein 


The eephalie vein, at its distal 
end, is a frequent site for the 
administration of intravenous 


The median cubital 

vein is the most 
eommon site for 
drawing blood. 


Femoral vein 


The popliteal vein 

runs behind the knee. 


Fibular (peroneal) vein 


Anterior tibial vein 


Posterior tibial vein 
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Veins of the Head and Neek 

Most of the blood of the head and neek is drained by the internal 
jugular, external jugular, and vertebral veins. 


The internal jugular vein reeeives most of the blood from the brain as 
well as from the faee.The internal jugular vein merges into the 
subclavian vein, which, in turn, beeomes the braehioeephalie vein.The 
braehioeephalie vein drains into the superior vena eava. 


The external jugular vein —the more superficial of the jugular veins 
drains blood from the sealp, faeial muscles, and other superficial 
structures. It, too, drains into the subclavian vein. 


The vertebral vein drains the eervieal vertebrae, spinal eord, and some 
of the muscles of the neek. 



Right braehioeephalie vein 


Hepatie Portal Circulation 

Unlike the veins of other abdominal organs, veins from the digestive organs and spleen don’t empty 
into the inferior vena eava. Rather, they send their blood through the hepatie portal vein to the 
liver. This circulatory pathway allows the liver to modify the blood returning to the heart. For 
example, after a meal, blood glucose levels rise dramatieally. This circulatory pathway allows the 
liver to remove excess glucose, which it then stores as glyeogen. Toxins, such as baeteria or aleohol, 
ean also be partially removed before the blood is distributed to the rest of the body. Here’s the 
speeifìe route: 


ANIMATION @ 


Inferior vena eava 


Hepatie veins 


Liver 


Portal vein 


Superior 

mesenterie 


vein 


Aseending 

eolon 


Small 

intestine 


Stomaeh 



Spleen 


Splenie vein 


Inferior 

mesenterie 

vein 


Deseending 

eolon 


Blood from the eapillaries of the spleen, stomaeh, 
panereas, gallbladder, and intestines flows into the 
superior mesenterie vein and the splenie vein, which 
eonverge to form the portal vein. (Blood from the 
left and right gastrie veins empty into the hepatie 
portal vein.) 



The portal vein ehannels blood into the liver; the 
blood is then distributed to innumerable 
mieroseopie sinusoids (the eapillaries of the liver). 



Blood flows out of the sinusoids into the hepatie 
veins and, from there, into the inferior vena eava, 
where it is returned to the heart. 
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The purpose of the eireiilatory system is to deliver oxygen and nutrients to tissues and to remove wastes. A defìeieney of 
oxygen or nutrients, or an accumulation of waste products—even for a few minutes—ean cause tissue neerosis and, possibly, 
even death of the individual. Therefore, it’s imperative that blood eonstantly circulate, or flow. 

Blood flows for the same reason that any fluid (including the water in a river or the fluid in an intravenous tubing) flows: 
because of differenees in pressure between two structures. This is ealled a pressure gradient. Fluid always flows from an area 
with higher pressure toward an area with lower pressure. 



Systolie pressure 


pressure 


Aorta 


Large 

arteries 


Blood flow 


arteries 


Arterioles 


Capillaries 




Venae 

eava 


As the left ventriele eontraets (systole), it ejeets blood into the aorta, 
producing a typieal, normal pressure of 110 mm Hg.This is the 
systolie pressure. When the ventriele relaxes (diastole), the 
pressure drops to an average of 70 mm Hg.This is the diastolie 
pressure. 


As blood moves away from the heart, blood 
pressure deelines until, in the vena eava, it is 
about 1 mm Hg.The greaterthe pressure 
differenee between two points, the greater the 
flow. However, as blood flows, it also meets 
resistanee, and the greater the resistanee, the less 
the flow.Therefore, to understand the flow of 




The Body AT WORK 

The pressure grodientprineiple applies to blood flow 
throughout the entire body, including the flow in 
organs and tissues. Forexampie, pressure in the 
arteries and arterioles ofthe kidneymust be higher 
than the pressure in the eapillaries and veins ofthe 
kidney for blood to flow through the kidney's tissues. 
The pressure gradient requires a eertain balanee, 
however. Ifthepressare gradient between the 
arterial and venous ends ofthe eapillary network 
is too low, filtration won'toccur. Ifit's too high, the 
thin-walled eapillaries will rupture. 


blood, we must eonsider these two faetors: blood 
pressure and resistanee. 



The ability of arteries to expand and 
reeoil with the foree of ejeeted blood 
helps maintain a eertain pressure: 
blood vessels expand to absorb the 
foree of ejeeted blood and then reeoil 
to prevent the pressure from dropping 
to zero. 
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Blood Pressure 

The maintenanee of a proper blood pressure—the foree exerted by the blood against a vessel 
wall—is emeial for proper body functioning. Blood pressure is determined by three faetors: eardiae 
output, blood volume, and resistanee. 



Three Faetors That Affeet Blood Pressure 

How Faetors Affeet Blood Pressure 

Cardiac output 

When the heart beats harder, such as during exercise, 
eardiae output inereases. When eardiae output 
inereases, blood pressure inereases. When eardiae 
output falls, such as vvhen exercise ends or the heart is 
vveak, blood pressure falls. 

fCO= f BP 

1C0= IBP 

Blood volume 

When blood volume deelines, such as from 
dehydration or a hemorrhage, blood pressure falls.To 
try and preserve blood pressure, the kidneys reduce 
urine output, vvhieh helps boost blood volume and 
raise blood pressure. 

jVolume = jBP 

|Volume = t BP 

Resistanee 

Also ealled peripheral resistanee, this is the opposition 
to flovv resulting from the frietion of moving blood 
against the vessel vvalls.The greaterthe resistanee, the 
slovver the flovv and the higher the pressure.The lovver 
the resistanee, the faster the flovv and the lovver the 
pressure. 

|Resistance= jFlovvand |Pressure 
lResistance= fFlovvand lPressure 


Life lesson: Bloodpressnre 

Routinely, blood pressure (BP) is measured with a sphygmomanometer eonneeted to 
an inflatable cuff wrapped around the upper arm, the loeation of the braehial artery. 
The braehial artery is elose enough to the heart that it refleets the blood pressure 
found elsewhere in the body. Arterial blood pressure is written as a ratio of systolie 
pressure (the peak arterial pressure during ventricular eontraetion, or systole) over 
diastolie pressure (the minimum arterial pressure during ventricular relaxation, or 
diastole). 

A normal systolie pressure ranges from 90 to 120 millimeters of mercury (mm Hg), 
while a normal diastolie pressure ranges from 60 to 80 mm Hg. A lower than normal 
blood pressure is ealled hypotension. If blood pressure drops too low, blood flow to 
the organs is diminished and, if severe, ean lead to shoek and even death. 

Higher than normal blood pressure, ealled hypertension, is a major risk faetor for 
heart disease, the ehief risk faetor for stroke and heart failure, and a cause of kidney 
damage. 

In faet, studies show that the risk of death from heart disease and stroke begins to rise 
at blood pressures as low as 115 over 75 and that it doubles for eaeh 20 over 10 mm Hg 
inerease. Hypertension affeets 67 million Amerieans—one in 3 adults. 

The differenee between systolie and diastolie pressure is ealled pulse pressure. For a 
BP of 110/70 mm Hg, the pulse pressure would be 40 mm Hg. Pulse pressure refleets 
the stress on the small arteries by the pressure surges during systole. 
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Peripheral Resistanee 

Peripheral resistanee is the resistanee to blood flow resulting from the frietion of blood against the 
walls of vessels. The amount of frietion depends upon the viseosity of the blood and the diameter 
of the blood vessel. 

Blood Viseosity 

Viseosity refers to the thiekness, or “stiekiness,” of blood. The greater the 
viseosity, the slower the flow; likewise, the lower the viseosity, the faster the flow. 

(Think of the differenee between the speed of a milkshake flowing through a 
straw versus the speed of water.) The ehief cause of inereased blood viseosity is 
an inereased number of red blood eells, but it may also result from an inereased 
amount of protein (albumin) or dehydration. 

Vessel Diameter 

The muscular layer of arterioles allows them to eonstriet or dilate, ehanging the 
amount of resistanee to blood flow. Because blood viseosity remains stable in 
healthy individuals, adjusting the diameter of vessels is the body’s ehief way of 
eontrolling peripheral resistanee, and therefore blood pressure. Adjusting the 
diameter of blood vessels is ealled vasomotion. 



Vasoeonstrietion = fpressure and |flow 


A reduction of the diameter of a vessel—ealled vasoeonstrietion—inereases the resistanee to blood 
flow. Because blood is being squeezed into a smaller spaee, pressure rises. Also, because the amount 
of blood allowed to enter the vessel is reduced, blood flow into tissues deereases. 



Vasodilation = \ pressure and f flow 


An inerease in vessel diameter caused by the relaxation of vascular muscles—ealled vasodilation 
deereases resistanee to blood flow. Blood pressure deelines and blood flow into tissues inereases. 






The Body AT WORK 

The elastie property ofhealthy arteries allovvs 
them to expand vvith eaeh beat ofthe heart to 
absorb some ofthe foree ofthe ejeeted blood. 
Then, vvhen the heart's in diastole, the arteries 
reeoil, shrinking theirdiameter. This expansion 
and reeoilpropels blood steadilydovvnstream 
tovvard the eapillaries; it also helps smooth out 
the surges ofpressure that occur vvith systole, 
proteeting smaller arteries. 

Because oftheir distanee from the beating 
heart, eapillaries and veins don't need to be 
proteeted from pressare surges. Consequently, 
blood in these vessels flovvs at a steady speed 
withoutpulsation. That's whyan injared vein 
produces a steady flow ofblood while an injured 
artery squirts blood intermittently. 


FAST FACT 


Arteries beeome less elastie with age and absorb 
less systolie foree. As a resiilt, blood pressure 
rises. Atheroselerosis also stiffens arteries and 
raises blood pressure. 
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The diameter of a vessel affeets how fast blood flows: its veloeity. The greater the diameter of the 
vessel, the faster blood flows. The veloeity of blood in the aorta is about 1200 mm/see; in 
eapillaries, ifs about 0.4 mm/see. 


Capillaries 


Total eross- 
seetional area 


Arterioles 


Venules 


Arteries 


Veins 


Veloeity of 
blood flow (ml/see) 



Flow is fastest in the aorta. 
Besides being a large vessel, 
it's also elose to the left 
ventriele. 


By the time the blood reaehes the eapillaries, it has 
slowed eonsiderably. That's because: 

• Capillaries are far removed from the left ventriele. 

• Frietion along the way has slowed the flow. 

• The smaller diameter of arterioles and eapillaries 
has put up more resistanee. 

• The number of vessels has beeome greater, giving 
eapillaries a greatertotal eross-seetional area. (See 
"That Makes Sense!"on this page.) 

Blood flowthrough eapillaries is slowerthan in any 
other part of the vascular system.This slow flow rate 
allows eapillaries time to exchange nutrients, wastes, 
and gases with surrounding tissues. 


From the eapillaries to the vena eava, 
veloeity rises again.That's because: 

• Veins have larger diameters than 
eapillaries, so they ereate less 
resistanee. 

• Many eapillaries eonverge on one 
venule, and many venules eonverge on 
one vein, ereating a smaller eross- 
seetional area. 



That Makes Sense 

To understand how eross-seetional area affeets flow rate, 
think ofa raging river. As the river travels farther from its 
headwaters, it begins to slow, both because it's farther 
from its source and beeaase the frietion ofthe water 
against the shore ereates resistanee. Aftera whi\e, the river 
begins to braneh repeatedly into a numberofsmaller 
streams, spreading water over a larger area. The flow rate 
in these smallest streams (like the eapillary network) is 
much slower than the flow rate in the larger streams or the 
river. That's beeaase the water now eovers a greater eross- 
seetional area. Then, ifthese streams eonverge (like 
eapillaries into venules and venules into veins), the water 
pieks ups speed as a greater volume ofwater is foreed into 
a smaller spaee (a smallereross-seetional area). 







The Body AT WORK 

Changing the diameterofblood vessels also 
allows the body to redistribute blood flow 
aeeording to its needs. Forexample, aftereating, 
blood vessels to the skeletal muscles and kidneys 
eonstriet while those to the gastrointestinal 
system dilate. This direets a larger amoant of 
blood to the gastrointestinal system, giving it the 
blood itneeds fordigestion and nutrient 
absorption. When the digestion proeess ends, the 
body reverses the proeess to redireet blood baek to 
the kidneys and other organs. The body ean 
greatly alter flow in speeifie regions while general 
circulation patterns remain unchanged. 
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Regiilation ofBlood Pressiire and Flow 

The vascular system ean quickly adjust blood pressure and alter blood flow to respond to the body’s ehanging needs. This 
occurs because of input from the nervous system as well as the influence of eertain hormones. 

Neural Regulation of Blood Pressure 

The vasomotor eenter (an area of the medulla in the brain) sends impulses via the autonomic nervous system to alter 
blood vessel diameter and, therefore, blood pressure. 

Baroreeeptors in the earotid sinus and aortie areh deteet ehanges in blood pressure and transmit signals along the 
glossopharyngeal and vagus nerves to the eardiae eontrol eenter and the vasomotor eenter in the medulla. 


ANIMATION & 



If pressure is too HIGH: 

• The medulla inereases its output of parasympathetie impulses 

• Vasodilation occurs; heart rate and stroke volume deerease. 

• Blood pressure drops. 


Carotid sinus 
baroreeeptor 


If pressure is too LOW: 

• The medulla inereases its output of sympathetie impulses. 

• Vasoeonstrietion occurs; heart rate and stroke volume 
inerease. 

• Blood pressure rises. 


Aortie areh 
baroreeeptor 




The Body AT WORK 

Baroreeeptors mostly regulate BP on a short-term 
basis, such as adjusting for ehanges in posture. 
For example, ifyou jump up after lying down, 
gravity will draw blood intoyour legs and away 
from your brain and heart andyou'll feel dizzy. 
When this happens, baroreeeptors respond 
quickly to restore blood flow to the brain. 
However, baroreeeptors aren't effeetive at 
eontrolling ehronie hypertension. 


Hormonal Regulation of Blood Pressure 

A number of hormones also influence blood pressure 




Cause blood pressure to RISE 



Hormone 


Aetions 


Renin, angiotensin I, and angiotensin 


Aldosterone 


Antidiuretic hormone (ADH) 


Epinephrine and norepinephrine 


Cause vasoeonstrietion and water retention through an interaetive meehanism 

Because renin is released by the kidneys, this meehanism is discussed in Chapter 18, Urinary 
System. 

Seereted by the adrenal medulla when blood pressure falls 
Stimulates the kidneys to retain sodium 
Water follows sodium, inereasing blood volume 

Seereted by the posterior pituitary gland when the water eontent of the body falls 

Promotes vasoeonstrietion and water retention 

Seereted by the adrenal medulla when the body is under stress 

Cause vasoeonstrietion 

inereases heart rate and foree of eontraetion (epinephrine only) 

Causes blood pressure to FALL 




Hormone 


Aetions 


Atrial natriuretic peptide (ANP) 


Released by the heart's atria when elevated blood pressure stretehes the walls of the heart 
Causes vasodilation 

Stimulates the kidneys to excrete sodium (and, therefore, water), reducing blood volume 
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Venous Return 

After making its way through the arterial system, blood must return to the heart by way of the 
venous system. However, because gravity pulls blood into the legs and away from the heart 
whenever someone stands, veins must fìght the forees of gravity to deliver blood baek to the heart. 
(The only exceptions are the veins in the head and neek.) Two key meehanisms aid in venous 
return: the skeletal muscle pump and the respiratory pump. 


Skeletal Mtisele Pump 

Muscles surrounding leg veins aid in venous return. 


• When leg muscles eontraet, 
they massage the veins in 
the legs, propelling blood 
toward the heart. 

• The valves in veins ensure 
the blood flows upward, 
toward the heart. 

• When the muscles relax, the 
blood flows backward, 
pulled by theforee of 
gravity. 

• Blood puddles in valveflaps, 
keeping the valve elosed 
and preventing further 
backward flow. 



Respiratory Pump 

The proeess of breathing also promotes the flow of venous blood in the thoraeie and abdominal 
eavities. 



During inhalation, the ehest expands and the diaphragm moves 
downward.This causes the pressure in the ehest eavity to drop 
and the pressure in the abdominal eavity to rise. 

The rising abdominal pressure squeezes the inferior vena eava, 
foreing blood upward toward the thorax. 

Lower pressure in the thorax helps draw blood toward the heart. 
Valves in the veins in the legs ensure that blood doesn't flow 
backward. 


Life lesson: 

Aging and the vascular system 

With age, blood vessels beeome less elastie, causing blood pressure 
to rise. In faet, blood pressure rises steadily throughout the adult 
years. Veins also weaken and streteh. This pulls the cusps of the 
valves apart, allowing blood to flow backward.The veins beeome 
distended, which leads to an inereased ineidenee of varieose veins in 
elderly adults. 
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PARTIV Maintenanee of the Body 



Anastomosis: A natural eonneetion 
between two vessels 
Arteries: Blood vessels that earry 
blood away from the heart 
Arteriole: The smallest arteries; also 
ealled resistanee vessels 
Baroreeeptors: Sensory nerve endings 
in the aortie areh and earotid arteries 
that sense ehanges in pressure 
Capillary: Mieroseopie vessels that link 
arterioles to venules; site where 
nutrients, wastes, and hormones are 
exchanged between blood and tissue 
Circleof Willis: Circle of arteries at the 
base of the brain 
Colloid osmotie pressure: Proeess 
whereby albumin in the blood pulls 
tissue fluid into eapillaries 
Conducting arteries: The bodys largest 
arteries; also ealled elastie arteries 
Diastolie pressure: Pressure within 
arteries when the ventriele relaxes 
Diffusion: Proeess by which molecules 
of a substance move from an area of 
higher to lower eoneentration 


Distributing arteries: Carry blood to 
speeifìe organs and tissues; also ealled 
muscular arteries 

Filtration: Proeess of removing partieles 
from a solution by allowing the liquid 
portion to pass through a membrane 
Hypertension: Blood pressure 
eonsistently higher than 140 mm Hg 
systolie over 90 mm Hg diastolie 
Peripheral resistanee: Resistanee to 
blood flow resulting from the frietion 
of the blood against the walls of the 
vessels 

Portal system: System of vessels in 
which blood passes through a 
eapillary network, a large vessel, and 
then another eapillary network before 
returning to the systemie circulation 
Pressure gradient: Differenee in 
pressure between two structures 
Sinusoid: Large, permeable eapillary 
found in organs such as the liver, spleen, 
and bone marrow that allows for the 
passage of large eells and proteins 
Systolie pressure: Pressure in arteries 
when the ventriele ejeets blood 


Tunica externa: Outer layer of blood 
vessels; eomposed of strong, flexible, 
fibrous eonneetive tissue 
Tunica intima: Innermost layer of 
blood vessels; eonsists of simple 
squamous epithelium 
Tunica media: Middle layer of blood 
vessels; eomposed of smooth muscle 
and elastie tissue 

Vasoeonstrietion: Reduction in the 
diameter of a vessel 
Vasodilation: inerease in the diameter 
of a vessel 

Vasomotor eenter: Area in the medulla 
of the brain that sends impulses to 
alter blood vessel diameter and 
therefore blood pressure 
Veins: Blood vessels that return blood 
to the heart; ealled eapaeitanee vessels 
because of their eapaeity for storing 
blood 

Vena eava: The body’s ehief vein, which 
serves to return blood to the heart 
Venule: The smallest veins; serve to 
eolleet blood from the eapillaries 



To make the information in this ehapter part of your 
working memory, take some time to refleet on what you’ve 
learned. On a separate sheet of paper, write down 
everything you reeall from the ehapter. After you’re done, 
log on to the DavisT/í/j website, and eheek out the Study 
Group podeast and Study Group Questions for the ehapter. 

Key Topies for Chapter 15: 

• The structure of the walls of arteries and veins 

• The structure and fìmetion of three elasses of arteries 

• The structure and fìmetion of three elasses of veins 

• The structure, fìmetion, and organization of eapillaries 

• Meehanisms of eapillary exchange 


• The route of pulmonary circulation 

• Prineipal arteries of systemie circulation 

• Arteries of the head and neek 

• Prineipal veins of systemie circulation 

• Veins of the head and neek 

• Hepatie portal circulation 

• The relationship between blood pressure and peripheral 
resistanee in producing blood flow 

• The influence of the nervous system and hormones on 
the regulation of blood pressure and flow 

• Meehanisms that aid venous return 
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Ansívers: Chapter 15 

1. Correct ansioer: d. Capillaries aet as the exchange 
vessels. Sintisoids are speeialized eapillaries found 
in the liver, spleen, and bone marrow. Veins 
return blood to the heart. 

2. Correct anstoer: a. The middle layer of blood 
vessels is eomposed of smooth muscle and elastie 
tissue. The outer layer eonsists of strong, flexible 
eonneetive tissue. 

3. Correct ansiver: b. Distributing arteries are also 
ealled muscular arteries. Arterioles are ealled 
resistanee vessels. Metarterioles are short vessels 
that eonneet arterioles to eapillaries. 

4. Correct ansioer: e. Arteries pulsate, not veins. 
Arteries dilate and eonstriet to redireet blood flow 
to organs and tissues and to regulate blood 
pressure. 

5. Correct ansioer: b. The valves do not function to 
keep oxygenated blood from mhdng with 
unoxygenated blood or to redireet blood flow. 
They also do not aid in the pumping of blood. 

6. Correct answer: b. Arterioles (the smallest arteries) 
aid in regulating blood pressure and in eontrolling 
blood flow into organs. Veins and venules (the 
smallest veins) return blood to the heart. 

7. Correct answer: d. Filtration and eolloid osmotie 
pressure are both meehanisms used in eapillary 
exchange, but neither are the most important 
meehanism. Gravity does not influence eapillary 
exchange. 

8. Correct answer: a. The inferior vena eava is the 
body s largest vein and doesn’t direetly eonneet to 
arteries. The subclavian and earotid arteries both 
braneh off the aortie areh. 

9. Correct answer: e. The beating of the heart helps 
propel arterial blood, but it is not a key faetor in 
venous flow. Blood viseosity affeets the veloeity of 
blood flow, but it is not the reason blood 
eonstantly circulates. Vasoeonstrietion and 
dilation help direet flow and influence blood 
pressure, not general circulation. 

10. Correct answer: a. Colloid osmotie pressure 

influences eapillary exchange, not blood veloeity. 
Blood viseosity is eonstant throughout the 
circulatory system. Gravity does not have a direet 
affeet on the veloeity of eapillary flow. 


1. The vessels that earry blood away 
from the heart are: 

a. eapillaries. 

b. sinusoids. 
e. veins. 

d. arteries. 

2 . The innermost layer of blood 
vessels is eomposed of what type 
of material? 

a. Simple squamous epithelium 

b. Smooth muscle 

e. Connective tissue 

d. Elastie tissue 

3 . Which arteries are ealled elastie 
arteries because of their ability to 
expand when blood surges into 
them? 

a. Distributing arteries 

b. Conducting arteries 

e. Arterioles 

d. Metarterioles 

4 . Veins are ealled eapaeitanee 
vessels because they have the: 

a. eapaeity to pulsate with the 
heart’s eontraetions. 

b. eapaeity to dilate and eonstriet 
to regulate blood pressure. 

e. ability to streteh, giving them 
a great eapaeity for storing 
blood. 

d. eapaeity to direet blood flow 
to organs and tissues in need. 

5 . What is the purpose of the valves 
in veins? 

a. Keep oxygenated blood from 
mixing with unoxygenated 
blood 

b. Prevent the backflow of blood 

e. Aid in the redireetion of blood 
flow 

d. Aid in the pumping of blood 


6. What are the exchange vessels of 
the circulatory system, where 
nutrients, wastes, and hormones 
are transferred between blood and 
tissues? 

a. Arterioles 

b. Capillaries 
e. Veins 

d. Venules 

7 . The most important meehanism 
for eapillary exchange is: 

a. filtration. 

b. eolloid osmotie pressure. 

e. gravity. 

d. diffusion. 

8 . All systemie arteries arise, 
direetly or indireetly, from the: 

a. aorta. 

b. inferior vena eava. 

e. subclavian artery. 

d. earotid artery. 

9 . The reason blood eonstantly 
circulates is because of: 

a. the beating of the heart. 

b. low blood viseosity. 

e. pressure gradients. 

d. vasoeonstrietion and dilation. 

10 . What is the main reason blood 
flow is slowest in the eapillaries? 

a. Capillaries have a greater 
eross-seetional area. 

b. Capillaries have a higher 
osmotie pressure. 

e. Capillary blood has a higher 
viseosity than venous blood. 

d. Capillaries have to fight the 
pull of gravity. 



. Go to http://davisplus.fadavis.com Keyvvord: 

ÌJdìVlSr IAÀÁ' Thompson to see all ofthe resources available 

with this ehapter. 
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CHAPTER OLITLINE LEARNING OUTCOMES 

Lymphatie System 1. List three fiinetions of the lymphatie system. 

Overview of the lmmune System 2. Deseribe theformation and flowof lymph. 


Nonspeeifie lmmunity 
Speeifie lmmunity 
lmmune System Disorders 


3. Deseribe the structure of lymphatie vessels. 

4. Differentiate between lymphatie tissues and 
organs. 

5. Identifythe loeation andfunction ofthe 
thymus 7 lymph nodes, tonsils, and spleen. 

6. Deseribe the body's three lines of defense 
against infeetion. 

7. Explain the differenee between speeifie and 
nonspeeifie immunity. 

8. Deseribe the proeess of phagoeytosis and 
identify the body's two main phagoeytes. 

9. Discuss the role of antimierobial proteins in 
imrrmnity. 

10. Summarize the proeess of inflammation. 

11. Deseribe the proeess of fever and explain its 
role in fighting infeetion. 

12. Compare and eontrast aetive and passive 
immunity. 

13. Explain howT and B lymphoeytes develop. 

14. Deseribe the role of antibodies in the immune 
system. 

15. Compare and eontrast cellular and humoral 
immunity. 

16. Explain how hypersensitivity develops. 
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O/z^ htindred trillion mieroorganisms live on or inside the human body. 


Right 
lymphatie 
duct 


Thoraeie 

duct 

Cisterna 



Red bone 
marrovv 


Lymphatie 

vessels 


Tonsils 


Cervical 


Some of the millions of mieroorganisms living inside the body—such as 
those in the intestines—are neeessary for health. Many others, however, ean 
cause disease. If not for the immune system, the body would be overrun by 
virnses and baeteria. To illustrate the importanee of the immune system, 
eonsider that when someone dies, the immune system stops working 
eompletely. Within hours, baeteria and parasites invade; within a few weeks, 

Thoraeie m icroorganisms ean eompletely consume the body. Although morbid to 
duct eonsider, this illustrates the ineredible effeetiveness of the immune system. 
Thymus The lymphatie and immune systems work hand-in-hand to proteet the 

body. The immune system basieally eonsists of a population of eells that 
defend the body against disease. Most of these eells exist within the lymphatie 
system—a network of organs and vessels that extend throughout the body. 



Spleen 




Lymphatie System 


lnguinal 

lymph 

nodes 


The lymphatie system eonsists of lymphatie vessels, lymph (the fluid within 
the vessels), lymphatie tissue, and lymphatie organs. As shown here, the 
vessels of the lymphatie system eover the body in much the same way as 
blood vessels. The tissues and organs of the lymphatie system—the lymph 
nodes, thymus, tonsils, spleen, and red bone marrow—produce immune 
eells. 



FAST FACT 


Lymphatie vessels are found in almost 
every tissue, except for bone marrow, 
eartilage, and the eentral nervous system. 








































































The Body AT WORK 

The lymphatie system has three functions: the maintenanee offliiid 
baìanee, the absorption offat, and immunity. 

• Maintenanee offluid balanee: Fluid continually seeps outof 
eapillaries into surrounding tissues. The eapillaries reabsorb aboat 
85% ofthe fluid, leaving about 15% behind. This amount may 
seem minimal, but, over the course ofa day, the remaining fluid 
would total as much as 4 liters, enough to cause massive swelling 
and even death. One ofthe roles ofthe lymphatie system is to 
absorb this fluid and retarn it to the bloodstream. 

• Absorption offats: Speeialized lymphatie vessels in the small 
intestines absorb fats and fat-soluble vitamins. 

• lmmunity: The lymphatie system is a keyeomponentofthe 
immane system. Lymph nodes and other lymphatie organs filter 
lymph (the fluid inside the lymphatie vessels) to remove 
mieroorganisms and foreign partieles. 


FAST FACT 


Unlike blood vessels, lymphatie 
vessels earry fluid in one 
direetion only: away from the 
tissues. 


Lymph 

Lymphatie vessels are filled with lymph: a elear, eolorless fluid similar to plasma but with a 
lower protein eontent. Lymph originates in the tissues as the fluid left behind following 
eapillary exchange. Depending upon its loeation in the body, lymph may eontain lipids (after 
draining the small intestines), lymphoeytes (after leaving the lymph nodes), hormones, 
baeteria, virnses, and cellular debris. 

Lymphatie Vessels 

Similar to veins, lymphatie vessels—also ealled lymphatie eapillaries—have thin walls and 
valves to prevent backflow. Lymphatie vessel walls are formed by a thin layer of epithelial 
eells. However, unlike the eells in veins (which are tightly joined), the eells forming 
lymphatie vessel walls overlap loosely, allowing gaps to exist between the eells. 


Fluid enters lymphatie 
vessels between the 
overlapping epithelial eells. 


Valves prevent backflow, 
ensuring that lymph 
moves steadily away from 
the tissues and toward the 
heart. 



Valve open 


Protein filaments anehor the 
vessel to surrounding eells. 
This lends support to keep 
the vessel from eollapsing. 


Valve elosed 





































Systemie circuit 


As the vessels progress on their path 
toward the heart, they eonverge to form 
larger and larger vessels. Periodieally, the 
vessels empty into lymph nodes, where 
immune eells phagoeytize baeteria. 


Lymphatie 


Blood 


eapillary 


eapillary 


Lymphatie vessels originate in 
tissue spaees as mieroseopie, 
blind-ended saes within a bed of 
blood eapillaries. 


ANIMATION 0 


Pulmonary circuit 


The lymphatie trunks 
eonverge to form two 
eolleeting ducts (one near 
the right subclavian vein 
and one near the left 
subclavian vein). Lymph 
joins the bloodstream when 
the eolleeting ducts merge 
into the subclavian veins. 


Lymphatie 


eolleeting 

vessel 


The vessels continue to merge, 


eventually forming still larger 
lymphatie trunks, which drain major 
regions of the body. 


Tissue fluid (the fluid left behind after eapillary 
exchange) flows into the vessels through gaps 
between the eells. Baeteria, lymphoeytes, and 
other eells flow in with the fluid. 


Lymphatie eapillaries 
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The Body AT WORK 

ln the cardiovascular system, the heart aets as a 
pump to help propel blood through the blood 
vessels. The lymphatie system, hovvever, has no 
pump. Instead, the fluid moves passively, aided 
primarily by the rhythmie eontraetions ofthe 
lymphatie vessels themselves. The valves vvithin 
the vessels prevent baekflovv. Flovv is aided further 
by the eontraetion ofskeletal muscles, vvhieh 
squeeze the lymphatie vessels. Finally, respiration 
causes pressure ehanges that help propel lymph 
from the abdominal to the thoraeie eavity. 


CHAPTER 16 Lymphatie & Immiine Systems 
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The Body AT W0RK 

The lymphatie system has two eolleeting 
ducts: the right lymphatie duct and the 
thoraeie duct. 

• The right lymphatie duct drains lymph 
for the upper rightquadrantofthe body 
into the rightsubclavian vein. 

• The thoraeie duct (which originates at a 
dilated portion ofa lymphatie vessel in 
the abdomen ealled the eisterna ehylij 
drains lymph from the rest ofthe body 
into the leftsubclavian vein. 



Right 
siibelavian 


vein 


siibelavian 

vein 



□ Drained by right 
lymphatie duct 

□ Drained by 
thoraeie duct 


LymphatieTissiies and Organs 

Patehes of speeialized tissue eontaining lymphoeytes exist throughout the body. Passages that open to the outside of the 
body (such as the respiratory, digestive, urinary, and reproductive traets) eontain a seattering of lymphoeytes throughout 
their mucosa linings. In other parts of the body, lymphatie tissue exists in masses ealled lymphatie nodules. An example of 
this is Peyer’spatehes , lymphatie nodules residing in the small intestines. 

Lymphatie organs, on the other hand, are well defined. These organs include red bone marrow, the thymus, lymph 
nodes, the tonsils, and the spleen. Red bone marrow and the thymus—ealled primary lymphatie organs —provide a loeation 
for B and T lymphoeytes to mature. The lymph nodes, tonsils, and spleen—ealled s eeondary lymphatie organs —eontain 
lymphoeytes that have matured in either the red bone marrow or the thymus. 

Thymiis 

Loeated in the mediastinum, the size of the thymus varies with age. Quite large in ehildren, it 
begins to shrink about age 14. By adulthood, it is a fraetion of its former size. The thymus also 
produces a hormone ealled thymosin that promote the development of lymphoeytes. 

The thymus is divided into lobules that extend inward from 
a fìbrous outer capsule. Eaeh lobule eonsists of a dense outer 
cortex and a less dense medulla fìlled with T lymphoeytes. 


ANIMATIONflf 
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ImmatiireT lymphoeytes travel from the red bone marrovv to 
the outer cortex of the thymus. Inside the thymus, the eells 
are proteeted from antigens in the blood, giving them a 
ehanee to divide and mature. 
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Thymus capsule 


Pre-T eells from 
red bone marrovv 


The developing T lymphoeytes migrate tovvard the inner 
medulla. As they do, they encounter other lymphoid eells 
(such as maerophages and dendritie cells).This proeess 
"trains"the nevv lymphoeytes to distinguish betvveen the 
eells of its host body and foreign eells. 
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Onee the training is eomplete, the lymphoeytes are released 
into the bloodstream. 



Maerophage 


Dendritie eell 














































































Lymph Nodes 

As lymph flows along its course, it passes through multiple lymph nodes. When it reaehes a 
node, the fluid slows to a triekle as the lymph node removes pathogens and other foreign 
material. Besides eleansing lymph, lymph nodes also serve as sites for final maturation of 
some types of lymphoeytes and monoeytes. 

The body eontains hundreds of lymph nodes. Shaped like a bean, some lymph nodes are 
tiny: only V 25 ” (1 mm) long; others are over an ineh (25 mm). 



Artery and 
vein 


A fibrous capsule eneloses 
eaeh lymph node. 

Connective tissue ealled 
trabeculae extend into 
the node, dividing it into 
eompartments. 


Several afferent lymphatie vessels 

ehannel fluid into a node. 


Sinuses lined with maerophages 
eapable of phagoeytosis separate the 
eompartments. Lymph slowlyflows 
through these sinuses in the proeess of 
being filtered. 


A less dense area at the eenter of the 
eompartments, ealled germinal 
eenters, form and release lymphoeytes 
when an infeetion is present. 


After slowly filtering through 
the node, lymph leaves 
through a single efferent 
lymphatie vessel. 


The eompartments, ealled eortieal 
nodules, are filled with lymphoeytes. 


FAST FACT 






The Body AT WORK 

Lymph nodes tend to occur in clusters in eertoin areas. The 
major lymph node groups are listed belovv. 

• Cervical lymph nodes, found in the neek, monitor 
lymph eoming from the head and neek. 

• Axillary lymph nodes, clustered in the armpit, reeeive 
lymph from the arm and breast. 

• lnguinal lymph nodes occur in the groin; they reeeive 
lymph from the legs. 


Lymph nodes remove 99% of the 
impurities in lymph before it 
rernrns the fluid to the 
bloodstream. 
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Life lesson: Lymph nodes and eaneer 

Cancer often spreads (metastasizes) through the lymphatie 
system. When cancerous eells break free of the original 
tumor, they often enter the lymphatie vessels and travel to 
the nearest lymph node. (The first lymph node reaehed by 
metastasizing eaneer eells is ealled the sentinel lymph node.) 

There, the eells multiply, eventually destroying the node. 

From that point, more cancerous eells may break off and 
travel to next node. 

As an example, more than 85% of the lymph of the 
breast enters the axillary lymph nodes, making these nodes 
the most eommon route for breast eaneer metastasis. That's 
why, during surgery to remove a cancerous breast tumor, 
the nearby axillary lymph nodes are typieally also removed. 

Closely examining the nodes for cancerous eells following 
removal signals whether the eaneer has spread and helps 
determine future treatment. Sometimes surgery disrupts 
normal lymph flow, causing lymph to accumulate in 
surrounding tissues.This produces swelling ealled 
lymphedema. Typieally, new lymphatie vessels develop to 
reestablish normal flow. 


Supraclavicular 

nodes 



Axillary 
lymph nodes 


Internal 

mammary 

nodes 


Lymphatie 
of the breast 


Tonsils 

Masses of lymphoid tissue, the tonsils form a proteetive eirele at the baek of the throat. They 
guard against pathogens entering the body through the nose or throat. There are three sets of 
tonsils: 



i m 

k 



A single pharyngeal tonsil (also 
ealled adenoids) sits on the wall 
of the pharynx, just behind the 
nasal eavity. 


A pair of palatine tonsils lies in 
the posterior of the oral eavity. 


Numerous lingual tonsils are 

eoneentrated in patehes on eaeh 
side of the base of the tongue. 







The Body AT WORK 

The ring oftonsils at the baek ofthe throat filters air flovving in through 
the nose and mouth. The vvhite blood eells vvithin the lymphoid tissue of 
the tonsils ean then destroy any vimses or baeteria before they enter the 
body. Oeeasionally the tonsils themselves—particularlythe palatine 
tonsils—beeome infeeted byavims orbaeteria. When this happens, the 
tonsils svvelland beeome inflamed, a eondition knovvn as tonsillitis. 
Symptoms oftonsillitis include a sore throat, painful svvallovving, and 
fever. When caused bya vims, the eondition usually resolves on its ovvn 
after a fevv days. When it's caused by a baeteria (usually the streptoeoeeal 
baeteria thatcauses strep throat), antibioties are required. Surgical 
removal ofthe tonsils is reeommended only vvhen tonsillitis resists 
treatmentor repeatedly reears. 
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Spleen 

About the size of a fist, the spleen is the body’s largest lymphatie organ. It resides in the upper 
left quadrant of the abdomen, just inferior to the diaphragm, where it’s proteeted by the lower 
ribs. Just like lymph nodes, the spleen is surrounded by a fìbrous capsule; inward extensions of 
the capsule divide the spleen into eompartments. The spleen eontains two types of tissue: red 
pulp and white pulp. 



Red pulp exists along the edges of the 
eompartments. It eonsists of a network of 
erythroeyte-filled sinuses supported by a 
framework of reticular fibers and phagoeytie eells. 
Blood eolleets in the venous sinuses after passing 
through the reticular fibers; it then returns to the 
heart through the veins. 


Vein 


Venous 

sinuses 


Artery 


Capsule 


Stomaeh 


i ■ 

Panereas 


Splenie artery 


Splenie 


vein 


White pulp, which eontains eompaet masses of 
lymphoeytes, surrounds the arteries leading into 
eaeh eompartment. 



The spleen fulfills mony functions in the body inelnding those 



deseribed belovv. 

• lmmunity: Lymphoeytes ond moerophoges in the vvhite pulp 
sereen possing blood for foreign ontigens vvhile phogoeytie eells 
in the sinoses ingest ond destroy ony mieroorgonisms. 

• Destruction ofold red blood eells: Moerophoges in the sinoses 
digest worn-out RBCs ond imperfeetplotelets. Moerophoges olso 
reeyele hemoglobin from the destroyed RBCs, solvoging the iron 
ond globin ond retorning it to the bone morrow ond liver for loter 
use. 

• Blood storage: The spleen stores 20% to 30%) ofthe body's 
plotelets. Consequently, iteon help stobilize blood volome by 
ropidly odding blood boek into generol eireolotion. 

• Hematopoíesis: The spleen prodoees red blood eells in the fetus. 
After birth, it does so only in eoses ofsevere onemio. Throughout 
iife, the spleen provides o loeotion for monoeytes ond 
lymphoeytes to motore. 


Life lesson: 
Splenie rupture 

The spleen's loeation makes it 
vulnerable to injury from trauma. 
Because it is highly vascular, a severe 
injury or rupture ean produce a fatal 
hemorrhage.The spleen is also 
difficult to repair, which is why it is 
usually removed surgically (ealled a 
spleneetomy) when injured. A person 
ean live without a spleen but may be 
more vulnerable to infeetion. 
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Overview of the lmmune System 


A person’s survival depends on the body’s ability to proteet itself against the hordes of mieroorganisms—including virnses, 
baeteria, fungi, and protozoa—that eonstantly surround us. Other threats from which the body needs proteetion include 
toxic ehemieals, radiation, and even allergens, like pollen. All the threats aren’t external, however. Some arise from inside the 
body. For example, abnormal eells often develop as a part of daily life. Left unchecked, these eells will continue to grow and 
divide, resulting in a tumor or even eaneer. 

The body has three lines of defense for taking eare of the threats it encounters on a daily basis. 


First line of defense 

External barriers, such as the skin and mucous membranes, keep most of the 
pathogens we encounter at bay. 


Seeond line of defense 

If a pathogen penetrates the first line of defense, the body launches several 
meehanisms geared at repelling a wide variety of threats, including the production 
of phagoeytie white blood eells and triggering inflammation and fever. Because 
these responses are aimed at a broad range of attaekers, rather than one speeifie 
pathogen, the response is ealled nonspeeifie immiinity. Another term is innote 
immunity because the meehanisms are present from birth, allowing the body to 
repel pathogens to which it has never been exposed. 



That Makes Sense 

Remember that speeifie immunity is aimed 
at a speeifie pathogen. For the immune 
system to reeognize thatpathogen, itmust 
have been previously "introduced" (or ex- 
posed) to that pathogen. (Thesame thing 
goes for us: to reeognize someone, you 
need to have been previously introduced.) 


Third line of defense 

The last line of defense is speeifie immiinity.This occurs when the body retains a 
memory of a pathogen after defeating it. If exposed to the same pathogen in the 
future, the body ean quickly reeognize it, targeting a response at this one speeifie 
invader. 


Nonspeeìfie lmmunity 

Nonspeeifie immunity proteets against a broad range of pathogens, using a variety of meehanisms, such as external barriers, 
phagoeytosis, antimierobial proteins, natural killer eells, inflammation, and fever. 

External Barriers 

The skin and mucous membranes provide the first line of defense against mieroorganisms. The 
skin, eomposed of tough protein, repels most pathogens, while its surface, which is dry and laeking 
in nutrients, makes a hostile environment for baeteria. Further inhibiting baeterial growth is the 
aeid mantle , a thin layer of aeid produced by sweat. 

The mucous membranes lining the digestive, respiratory, urinary, and reproductive traets (which 
are open to the exterior) produce mucus that physieally traps pathogens. In the respiratory traet, 
the mucus is then swallowed, and the pathogens are destroyed by stomaeh aeid. Mucus, tears, and 
saliva also eontain an enzyme ealled lysozyme, which destroys baeteria. 




























Phagoeytosis 


If a pathogen makes its way past the skin or mucous membranes and enters the body, it will immediately eonfront a key 
player in the seeond line of defense: phagoeytes. 




The phagosome travels to the interior 
of the eell and fuses with a lysosome, 
which eontains digestive enzymes. 


Types ofPhagoeytes 


ANIMATION 


When a phagoeyte eneoimters a 
mieroorganism, it sends out membrane 
projeetions ealled pseudopods (or 
"false feet"). 


Lysosome 


Nucleus 


Baeteria 


Phagoeytes are eells 
whose sole job is to 
ingest and destroy 
mieroorganisms and 
other small partieles. 


The pseudopods 
envelop the organism, 
forming a eomplete sae 
ealled a phagosome. 


The digestive 
enzymes from the 
lysosome destroy 
the mieroorganism. 


The waste products 
arethen released 
from the eell. 


The most important phagoeytes are neutrophils and maerophages. While neutrophils roam the body, seeking out baeteria, 


most maerophages remain fixed within strategie areas. 



Neutrophils travel to sites of infeetion 
after being summoned by a ehemieal 


released from inflamed eells (chemotaxis). 


2 


Onee there, the neutrophils 
anehor themselves to the 
inside of the blood eapillary. 


ANIMATION 0 


Ohemieal agent 
for chemotaxis 


Inflamed eell 



Blood eapillary 

They then use enzymes to digest a 
portion of the basement membrane, 
which allows them to squeeze out 
of the vessel (a proeess ealled 
diapedesis) and enterthe inflamed 
tissue. 


Maerophages evolve from monoeytes (another type of phagoeytie WBC). Monoeytes migrate into eonneetive tissues, 
where they grow several times larger than their original size and transform into maerophages. (The name maerophage 
actually means “large eater.”) Maerophages eongregate in areas where mierobial invasion is likely to occur: the alveolus of the 
lungs, the liver, nerve tissue, bone, and the spleen. 
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Antimierobial Proteins 

Two types of proteins help provide nonspeeifie resistanee against baeterial and viral invasion: interferons and the 
eomplement system. 

Interferons 

Some eells respond to viral invasion by producing a protein ealled interferon. When a virus 
infeets a eell, the eell produces interferon, which it releases to nearby eells.The interferon binds to surface 
reeeptors on neighboring eells. This triggers the production of enzymes within the eells that would prevent 
the virus from replieating if it managed to invade. 


Virns 



Enzymes 


Complement System 

Over 20 different proteins (ealled eomplement) circulate in the bloodstream in an inaetive 
form, waiting to assist in the immune response. A baeteria, or antibodies against the baeteria, 
aetivate the eomplement. Onee a eomplement reaetion begins, it continues as a easeade of 
ehemieal reaetions, with one eomplement protein aetivating the next (similar to what occurs 
in blood elotting). 

ANIMATION® 


Complement 


The final group of proteins (ealled the membrane 
attaek complex) embed themselves into the 
bacterium's plasma membrane in ring-like eireles, 
effeetively punching a hole in the bacterium. 



Fluid and sodium (Na + ) rush into the 
bacterium through the openings. 



The bacterium swells and bursts. 


Oomplement also aids the immune system by eoating pathogens, making them attraetive to 
phagoeytes, and stimulating inflammation (which summons neutrophils through 
chemotaxis). 

Natural Killer Cells 

A unique group of lymphoeytes ealled natural killer (NK) eells continually roam the body, 
seeking out pathogens or diseased eells. They reeognize and destroy any foreign eells, 
including eaneer eells, virus-infected eells, and baeteria—as well as the eells of transplanted 
organs and tissues. The NK eells use several methods to destroy the eells. Most of them 
involve the seeretion of ehemieals that causes the eell to die and break apart ( lysis ). 












Inflammation 

Tissue injury, whether from trauma, isehemia, or infeetion, produces inflammation. Inflammation stimulates the body’s 
defense system to begin fighting the infeetion while instigating measures to eontain the pathogen. Furthermore, the 
inflammatory response includes proeesses that elean up and repair the damaged tissue. 


ANIMATION & 


Foreign objeet penetrating 
skin surface 



© 


lnjured eells seerete ehemieals, 
such as histamine, that dilate 
blood vessels in the area. Blood 
rushes in (hyperemia), bringing 
neeessary leukocytes. inereased 
blood flow also helps flush out 
toxins and wastes. 



The same ehemieals that trigger 
vasodilation also cause the eells 
in the eapillary walls to separate 
slightly. Fluid, leukocytes, and 
plasma proteins—as well as 
antibodies, elotting faetors, and 
eomplement—leak through the 
spaees and into the injured 



Baeteria 


Neutrophils, which have been 
drawn to the area by ehemieals 
released from damaged eells 
(chemotaxis), aetively phagoey- 
tize the pathogens. They also 
seerete ehemieals (eytokines) to 
summon other neutrophils and 
maerophages to the area. 
Maerophages not only destroy 
baeteria, but also help elean up 
the area by engulfing damaged 
eells and dead neutrophils. 


Maerophage 


tissue. Fibrinogen that leaks into 
the area forms a stieky elot that 
walls off the infeeted area, 
helping to keep the infeetion 
from spreading. 


Most of the phagoeytes (espeeially the neutrophils) die during the proeess of fighting the infeetion. The dead eells pile 
up, along with tissue debris and fluid, to ereate a thiek yellowish fluid ealled pus. When pus accumulates in a tissue eavity, 
it’s ealled an abseess. 




The Body AT WORK 

Redness, svvelling, heat, andpain are the fourclassicsigns ofinflammation. 



• Swelling results from fluid leaking out ofthe eapillaries. 

• Redness results from hyperemia. 

• Heat also results from hyperemia. 

• Pain may result from injured nerves, pressure on the nerves from swelling, or stimulation ofnerves 
by baeterial toxins. 



The signs ofinflammation also faeilitate healing. 


• Swelling eompresses veins—reducing venous drainage—while foreing the eapillary valves open 
to promote eapillary drainage. This helps healing because lymphatie eapillaries are more adept at 
removing baeteria, dead eells, and tissue debris than are blood eapillaries. 

• Hyperemia brings materials neeessary for healing, including oxygen and amino aeids. 

• Heat in the area inereases the metabolie rate, and thus, the rate oftissue repair. 

• Pain signals that an injury has occurred and serves as a reminder to rest the area to allow healing. 


CHAPTER 16 Lymphatie & Immiine Systems 
































y 





> 

30 




n> 

oo 

o 

o. 




FAST FACT 


Words ending in the suffix -itis 
denote inflammation. For 
example, dermatitis is an 
inflammation of the skin, 
tonsillitis is inflammation of the 
tonsils, and arthritis is 
inflammation of the joints. 


Fever 


Also known as pyrexia, fever is an abnormal elevation of body temperature. (A person with a fever is said 
to be febrile.) Experts now believe that fever is benefieial during an illness. Besides promoting the aetivity 
of interferon, an elevated body temperature inhibits the reproduction of baeteria and virnses. Following is 
the normal sequence of events during a fever: 

1. As neutrophils and maerophages phagoeytize baeteria, they seerete a fever-producing substance ealled 
a pyrogen. The pyrogen stimulates the anterior hypothalamus to seerete prostaglandin E (PGE). 

2 . PGE resets the body’s set point for temperature. For example, it may raise it from a normal of 98.6° F 

(37° C) to 102° F (39° C). 

3 . When the set point rises, the body needs to generate heat, which it does through shivering and 
eonstrieting blood vessels in the skin. The result: ehills and eold, elammy skin. 

4 . The temperature rises until it reaehes its new set point, where it remains as long as the pathogen is 
present. 

5 . When the pathogen is no longer a threat, the phagoeytes stop producing the pyrogen and the body’s 
set point for temperature returns to normal. When this happens, the body needs to lose the excess 
heat, which it does through sweating and dilating blood vessels in the skin. The result: warm and 
flushed skin. 

Even though most fevers are benefieial, excessively high temperatures are dangerous. Temperatures 

above 103° F (40.3° C) ean cause convulsions; those above 111° F to 115° F (44° C to 46° C) typieally 

result in irreversible brain damage or death. 
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FAST FACT 


Drugs like aspirin and ibuprofen, 
often given to reduce fever, aet by 
inhibiting the synthesis of PGE. 
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The Body AT WORK 

A body temperature of98.6°F (37° C) is eommonly 
eonsidered to be normal. Hovvever, body temperature varies 
during the course ofa day, vvith different aetivity levels, and 
even from person to person. A temperature deemed normal 
in one person may representa fever in another. 

Temperature also varies aeeording to the part ofthe 
bodybeing tested: measarements taken inside a body 
eavity, such as orally or reetally, are higher than those 
measured on the skin. Speeifieally, a temperature taken 
reetally is usually 1°F (0.6° C) higher than an oral reading, 
vvhereas a reading taken under the arm (axillary) is 1° F (0.6° 
C) lovver than an oral reading. 























In eontrast to nonspeeifìe immunity, speeifìe immunity is direeted against a speeifìe 
pathogen. After being exposed to a pathogen, the immune system retains a memory 
of the encounter. If that particular pathogen enters the body in the future, the 
immune system will reeognize it immediately, allowing it to destroy the pathogen 
before symptoms even develop. 

For this third line of defense, the body employs two meehanisms. One aims to 
destroy foreign eells or host eells that have beeome infeeted with a pathogen. This is 
ealled eelliilar (eell-mediated) immunity. The other meehanism, which focuses on 
pathogens outside the host eells, sends out antibodies to “mark” a pathogen for later 
destmetion. This is ealled humoral (antibody-mediated) immunity. 

Understanding these two forms of immunity requires an understanding of their 
weapons: lymphoeytes and antibodies. 


FAST FACT 


Humoral immunity is so 
named because antibodies exist 
in body fluids, and body fluids 
were onee ealled humors. 




DE The Body AT WORK 

The body routinely mokes its own antibodies or Teells against a pathogen; this is ealled aetive immunity. It's also 
possible to aehieve immunity after reeeiving an injeetion ofantibodies from anotherperson oran animal; this is ealled 
■ passive immunity. Aetive immunity is permanent, or at least long lasting. In passive immunity; the body doesn't 
^ develop a memory for the pathogen, so the immunity lasts only a few months. 

| Following are the four elasses ofimmunity: 

Naturai aetive immunity:This type of immunity occurs when the body produces antibodies or 
Teells after being exposed to a particular antigen. (For example, ifyou beeome ill with the measles, 
your body willproduce antibodies to this particular virus, makingyou immune to infeetion in the 
future.) 


Artifieial aetive immunity: This results when the body makes Teells and antibodies against a disease 
as a result ofa vaeeination (such as for tetanus or influenza). By injeeting a vaeeine eontaining dead 
or weakened (attenaated) pathogens, the reeipient's body produces an immune response without 
actuallydeveloping the illness. 


Naturalpassive immunity: This form ofimmunity results when a fetus acquires antibodies from the 
mother through the plaeenta, or when a baby acquires them through breastfeeding. 


Artifieialpassive immunity: This form ofimmunity involves obtaining serum from a person or 
animal thathas produced antibodies againsta eertain pathogen and then injeeting itinto someone 
else. This is typieally used in emergeneies for the treatment of rabies and botulism. 
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Lymphoeytes 

The immune system relies on lymphoeytes to wage war against invading pathogens. Lymphoeytes fall into one of three 
elasses: natural killer eells (which have already been discussed), T lymphoeytes, and B lymphoeytes. 


T Lymphoeytes 

Commonly ealled T eells, T lymphoeytes develop from 
stem eells in red bone marrow. 


Before theT eells have fully matured, they 
leave the bone marrow and travel to the 
thymus gland, where they remain until fully 
functional. 



Onee theT eells are immuriocompetent — 
that is, eapable of reeognizing antigens— 
they leave the thymus and migrate to 
lymphatie organs and tissues throughout 
the body (such as the lymph nodes, spleen, 
and tonsils). 



B Lymphoeytes 

Commonly ealled B eells, B lymphoeytes also begin life as 
stem eells in red bone marrow. Unlike T eells, B eells 
remain in bone marrow until they are fully mature. 
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Beell 



Teell 





Lymph 

node 



Onee mature, B eells leave the bone marrow for 
lymphatie organs and tissues, particularly the lymph 
nodes, spleen, bone marrow, and mucous 
membranes. 




That Makes Sense 

To differentiate betvveen Teells and B eells, 
remember that Teells matare in the Thymus 
vvhile B eells mature in the Bone marrovv. 


Tonsils 


Spleen 


Antibodies 

Key players in the bodys immune system, antibodies are gamma globulin proteins formed by B eells and found in plasma 
and body seeretions. Also known as immunoglobulins (Ig), antibodies eonsist of ehains of protein joined in a way that 
resembles a eapital letter Y or T. 


Antigens 





The end of eaeh arm of 
the Y is uniquely shaped, 
allowing eaeh antibody 
to eombine with a 
speeifie antigen. 



Antibody 


An antigen is any molecule that triggers an immune response. 
Any foreign substance is said to be antigenie. The immune 
system learns to distinguish between “self” and “non-self” eells 
before birth so that it attaeks only those substances that aren’t 
part of the body. 


The Body AT WORK 

The body manufactures five elasses ofantibodies: 

IgA, IgD, IgE, lgG,and IgM. 

• IgA: Populates mucous membranes in the 
intestines, respiratory traet, and urinary traet; 
also found in saliva, tears, and breastmilk 

. IgD : Exists in the blood in verysmall 
amounts; may aetivate basophils and mast 
eells 

. IgE: Involved in allergie reaetions 

• IgG: Is the primary antibody ofthe seeondary 
immune response; also the most abundant 
ofall the immunoglobulins, making up 80% 
ofall circulating antibodies 

• igM :Active in the primary immune response; 
also involved in agglutination of 
ineompatible blood types 
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Cellular Imrrmnity 

Cellular immunity destroys pathogens that exist within a eell. To aeeomplish this, it employs three elasses of T eells: 

• Cytotoxic T eells (also ealled killer T eells—not to be confused with natural killer eells), which earry out the attaek 

• Helper T eells, which play a supportive role 

• Memory T eells, which remember the pathogen in ease of future invasion 


ANIMATION0 



The immune proeess begins when a phagoeyte (such as 
a maerophage, reticular eell, or B eell) ingests an 
antigen. 



The phagoeyte, ealled an antigen-presenting eell 
(APC), displays fragments of the antigen on its 
surface—a proeess ealled antigen presentation— 

which alerts the immune system to the presenee of a 
foreign antigen. When a T eell spots the foreign antigen, 
it binds to it. 



This aetivates (or sensitizes) theT eell, which begins 
dividing repeatedly to form elones: identieal T eells 
already sensitized to the antigen. Some of theseT eells 
beeome effeetor eells (such as cytotoxicT eells and 
helperT eells), which will earry out the attaek, while 
others beeome memoryT eells. 


4 




The cytotoxicT eell binds to the surface of the antigen 
and delivers a toxic dose of ehemieals that will kill it. 



HelperT eells support the attaek by seereting the 
ehemieal interleukin, which attraets neutrophils, 
natural killer eells, and maerophages. It also stimulates 
the production of T and B eells. 





Phagoeyte 


Cytotoxic T eell Helper T eell 


Memory T eell 






Helper T eell 


Neutrophil 
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Following the attaek, some of the cytotoxic T eells and helper 
T eells beeome memory T eells. These numerous, long-lived 
eells retain a memory of this particular pathogen. If re-exposure 
to the same antigen occurs, these eells ean launch a quick attaek. 



IgG is the only antibody that ean 
eross the plaeenta to impart 
temporary immunity to the fetus. 


FAST FACT 



Because the cellular immune 
system is programmed to attaek 
any eell not identified with the 
“self,” it also attaeks and tries to 
destroy transplanted organs and 
tissues. 
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Hiimoral lmmunity 

Humoral immunity differs from cellular immunity in that it focuses on pathogens outside the eell. Also, instead of 
destroying the antigen direetly, it uses antibodies to mark them for later destmetion. 


ANIMATION © 



Thesurface ofa Beell containsthousandsof reeeptors 
for a speeifie antigen. When the antigen speeifie to 
that reeeptor eomes along, it binds to the B eell. 



The B eell then engulfs the antigen, digests it, and 
displays some of the antigen's fragments on its 
surface. A helperT eell binds to the presented antigen 
and seeretes interleukins, which aetivate the B eell. 



The B eell begins to rapidly reproduce, ereating a 
elone, or family, of identieal B eells that are 
programmed against the same antigen. 
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Some of these eloned B eells beeome effeetor B eells 
or memory B eells; most, though, beeome plasma 
eells. 



The plasma eells seerete large numbers of 
antibodies. Antibodies stop the antigens through a 
number of different means. (See"The Body at Work" 
on this page.) 
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The Body AT WORK 

Antibodies use a range oftaeties to defeatantigens, including: 

• Binding to the antigen's attaehmentpoints, preventing it from 
attaehing to a human eell 

• Triggering agglutination (as in the antigen-antibody reaetion), 
thus helping to eontain the antigen and also make it easier for 
phagoeytes to do their work 

• Promoting the binding ofeomplementproteins to the invading 
eell, thus setting offthe eomplementeaseade, which ends with 
the destmetion ofthe invading mieroorganism 


FAST FACT 


A single plasma eell seeretes 
2000 antibody molecules a 
seeond during the few days that 
it lives. 
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The Body AT WORK 

When the body is exposed to o particular antigen for the first time, the immune system 
must eomplete a namber ofdifferent tasks before it ean attaek the invading antigens. 
For example, it must ereate B eells that, in turn, must differentiate into plasma eells. 

Onee that is eompleted, the plasma eells ean begin producing antibodies. This initial 
reaetion is ealled the primary response. The amoant oftime betvveen exposure to a 
nevv antigen and a rising level ofblood antibodies against that antigen (ealled the 
antibody titer) ranges from three to six days. 

Onee the attaek is over and the antigen has been removed from the body, memory B 
eells remain. Even though the numberofantibodies deeline, ifthe same antigen should 
invade again, the memory B eells ean immediately begin to divide. This allovvs for rapid 
production ofmemory andplasma eells, vvhieh ean then ereate large nambers of 
antibodies against the antigen. This response, ealled the seeondary response, takes 
onlyhoursas opposed to days. Consequently, thebodyean attaek theantigen beforeit 
has time to produce symptoms. 


FAST FACT 


The human immune 
system ean produce 
billions of different 
antibodies, eaeh of 
which responds to a 
different antigen. 


Immune System Disorders 


Maintaining immunity requires a series of complex interaetions between eells. Disorders occur when the immune system 
overreaets to an antigen (hypersensitivity) or, the opposite, fails to reaet (as occurs in immunodeficiency disorders). At times, 
the immune system direets its aetions at its own tissues, producing an autoimmune disease. 

Hypersensitivity 

Hypersensitivity involves an inappropriate or excessive response of the immune system. The most eommon type of 
hypersensitivity is ealled an allergy, a eondition in which the immune system reaets to environmental substances (ealled 
allergens) that most people ean tolerate. Common allergens include mold, dust, pollen, animal dander, and foods such as 
ehoeolate, shellfìsh, nuts, or milk. Certain drugs, particularly penieillin, tetraeyeline, or sulfa, ean also trigger an allergie 
response in some individuals. Allergie responses may occur within seeonds, or they may be delayed for several days. 


Immediate Allergie Reaetions 

Immediate allergie reaetions include eommon allergies, such as those to pollen or bee stings. 


ANIMATION © 



When someone with a genetie predisposition to an allergy (such 
as ragweed) is first exposed to the allergen, the body responds 
by producing large amounts of the antibody IgE speeifie to 
ragweed.These antibodies bind to mast eells. (Mast eells reside in 
the skin, lungs and upper airways, and the lining of the stomaeh.) 
While this response doesn't produce an allergie reaetion, the 
person is now sensitized to ragweed. (More than one exposure 
may be neeessary before someone is sensitized to an allergen.) 



When the person encounters ragweed at a later date, the allergen 
binds to the antibodies already in the body. If the allergen links two 
or more antibodies, the mast eells release histamine and other 
inflammatory ehemieals. Histamine causes inflammatory responses 
that produce the symptoms of an allergy, such as runny nose, 
watery eyes, eongestion, and hives. 
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The Body AT WORK 


A severe, immediate allergie reaetion that affeets the vvhole body is 
ealled anaphylaxis. The release ofhuge amounts ofhistamine causes 
eonstrietion ofthe airvvays—making breathing difficult—and 
vasodilation—causing blood pressure to drop. Other possible symptoms 
include a red, itehy, raised rash and svvelling ofthe faee, lips, and tongue. 

Anaphylaetie shoek occurs vvhen symptoms vvorsen to the point 
that circulatory shoek and even sudden death mayoccur. Mild 
anaphylaxis ean often be relieved vvith antihistamines. Anaphylaetie 
shoek, hovvever, is a medieal emergeney, requiring emergeney treatment 
vvith epinephrine. Allergens often linked to anaphylaxis include foods 
such as peanats orshellfish, medieines such a penieillin, and bee venom. 


FAST FACT 


One in six Amerieans is 
genetieally predisposed to some 
type of an allergy. 


Delayed Allergie Reaetion 

Unlike immediate allergie reaetions, which involve an antigen-antibody reaetion, delayed allergie 
reaetions involve eell-mediated immunity. A eommon example of a delayed allergie response is eontaet 
dermatitis following exposure to poison ivy or soaps. In this situation, T eells trigger a mixture of 
nonspeeifie and immune responses that result in loeal skin inflammation 12 to 72 hours after exposure. 

Autoimmune Diseases 

Sometimes the body’s immune system fails to differentiate between self-antigens—the molecules native to 
a person’s body—and foreign antigens. When this occurs, the body produces antibodies that attaek its 
own tissues. The proeess may begin when antibodies produced in response to an infeetion reaet not only 
to the baeteria but also to self-antigens. For example, in rheumatic fever, the antibodies against a 
streptoeoeeal infeetion reaet to the baeteria as well as to the heart’s myocardium, causing searring of the 
mitral and aortie valves. In other instanees, a virus may ehange the structure of a self-antigen (such as 
those of the insulin-producing panereatie islets), causing the immune system to attaek those eells as 
foreign invaders. Some experts believe that this is the underlying cause of type 1 diabetes mellitus. In 
most eases, though, an exact cause eannot be identified. inheritanee seems to play a role, however, 
because autoimmune diseases tend to run in families. 

There are more than 80 types of autoimmune diseases. These include systemie lupus erythematosus 
(which affeets multiple organs, including the kidneys, skin, heart, and joints), seleroderma (which affeets 
the skin, intestines, and lungs), Graves’ disease (which affeets the thyroid gland), and ulcerative eolitis 
(which affeets the gastrointestinal traet). 

lmmunodeficiency Diseases 

In immunodefìciency diseases, the immune system fails to adequately proteet the body against pathogens. 
Rarely, the defìeieney may be present at birth, such as in severe eombined immunodefìciency disease 
(SCID), in which ehildren have few or no T and B eells. As a result, their bodies eant fìght off pathogens, 
foreing them to live in a proteetive environment. 

More eommon is acquired immunodefìciency syndrome (AIDS), which results from infeetion with 
the human immunodefìciency virus (HIV). The virus invades helperT eells (also ealled CD4 eells), 
eventually destroying them. Because helper T eells are a key player in both humoral and cellular 
immunity, their loss plaees the host at risk for infeetions and eaneers that a healthy immune system easily 
rebuffs. For example, a protozoal infeetion ealled Pnenmoeystis earinii pneumonia and a type of skin eaneer 
ealled Kaposi sareoma rarely occur in healthy people but occur frequently in persons with AIDS. 






























Aetive immunity: Immunity that results 
when the body manufactures its own 
antibodies or T eells against a pathogen 

Allergen: Environmental substance 
that triggers an allergie response 

Anaphylaxis: Severe, immediate 
hypersensitivity reaetion affeeting the 
entire body 

Antibody: Substance produced by 
B lymphoeytes in response to a 
speeifìe antigen 

Antigen: Any molecule that triggers an 
immune response 

Cellular immunity: Immune response that 
targets foreign eells or host eells that 
have beeome infeeted with a pathogen 

Chemotaxis: The movement of white 
blood eells to an area of inflammation 
in response to the release of ehemieals 
from the injured eells 

Complement: A group of proteins in 
the blood that, through a easeade of 
ehemieal reaetions, partieipate in 
nonspeeifìe immunity 

Diapedesis: Proeess in which 
neutrophils enzymatieally digest a 
portion of the eapillary basement 
membrane, allowing them to leave the 
vessel and enter inflamed tissue 


Histamine: Substance seereted by 
injured or irritated eells that produces 
loeal vasodilation, among other effeets 

Humoral imnrmnity: Immune response 
that uses antibodies to target 
pathogens outside the host eells 

Hyperemia: inereased blood flow to an 
area 

lmmunoglobulins: Antibodies 

Inflammation: An immunological 
response to injury, infeetion, or allergy, 
marked by inereases in regional blood 
flow, immigration of white blood eells, 
and release of ehemieal toxins 

Interferon: Protein released from 
virus-infected eells that helps proteet 
nearby eells from invasion 

Lymph: Clear, eolorless fluid fìlling 
lymphatie eapillaries 

Lymph nodes: Kidney-shaped masses 
of lymphatie tissue that lie along 
lymphatie vessels 

Maerophage: Important phagoeyte 
that remains fìxed in strategie areas 

Natural killer eells: Unique group of 
lymphoeytes that continually roam 
the body seeking out pathogens or 
diseased eells 


Neutrophils: Phagoeytes that accumulate 
rapidly at sites of acute injury 

Nonspeeifie immunity: First and seeond 
lines of defense; immune response 
aimed at a broad range of pathogens 

Passive immunity: Immunity that 
results when someone reeeives 
antibodies from another person or 
animal 

Phagoeytosis: Proeess by which 
phagoeytes engulf and destroy 
mieroorganisms 

Pyrexia: Fever 

Speeifie immunity: The third line of 
defense; immune response targeted at 
a speeifie pathogen 

Spleen: The body s largest lymphatie 
organ; eontains masses of lymphoeytes 

T lymphoeytes: Lymphoeytes that 
partieipate in both cellular and hu- 
moral immunity; also ealled T eells 

Thyrrms gland: Lymphoid organ where 
T eells mature; loeated in the 
mediastinal eavity 

Tonsils: Masses of lymphoid tissue 
that form a proteetive eirele at the 
baek of the throat 



To make the information in this ehapter part of your 
working memory, take some time to refleet on what you’ve 
learned. On a separate sheet of paper, write down 
everything you reeall from the ehapter. After you’re done, 
log on to the DavisT/í/í website, and eheek out the Study 
Group podeast and Study Group Questions for the ehapter. 

Key Topies for Chapter 16: 

• Functions of the lymphatie system 

• The formation and flow of lymph 

• Structure of lymphatie vessels 

• Loeation, structure, and fìinetion of the thymus, lymph 
nodes, tonsils, and spleen 

• The bodys three lines of defense against infeetion 


Types of nonspeeifie immunity 
The proeess of phagoeytosis 

The role of interferons and the eomplement system in 
fighting infeetion 

The proeess and role of inflammation 

The proeess and role of fever 

Classes of speeifìe immunity 

The formation ofT and B lymphoeytes 

The role of antibodies and antigens 

The proeess of cellular immunity 

The proeess of humoral immunity 

The development of hypersensitivity 

Autoimmune and immunodefìciency diseases 
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Ansivers: Chapter 16 

1 . Correct ansiver: b. The lymphatie system has three 
ftmetions: immunity, the absorption of fats, and 
maintenanee of fluid balanee. It does not 
contribute to eleetrolyte balanee. 

2. Correct ansiver: a. None of the other answers is 
eorreet. 

3. Correct ansiver: d. T eells evolve from stem eells in 
red bone marrow, but they leave the bone marrow 
before maturity. Both tonsils and the spleen are 
lymphatie organs; however, they play no role in 
T-eell maturity. 

4. Correct ansiver: e. Lymph nodes fìlter lymphatie 
fluid, not plasma. Lymph nodes have no role in 
the production of lymphatie fluid. Antibodies are 
produced by B lymphoeytes. 

5. Correct ansiver: e. Maerophages are important 
white blood eells that remain fìxed in strategie 
areas. Phagoeytes are a group of white blood eells 
that ingest and destroy mieroorganisms; both 
maerophages and neutrophils are phagoeytes. A 
phagosome is the sae formed around a 
mieroorganism when it’s ingested by a phagoeyte. 

6. Correct ansiver: b. Natural aetive immunity results 
following an illness, in which the body produces 
antibodies or T eells against that particular 
pathogen. Natural passive immunity results when 
a fetus acquires antibodies from the mother aeross 
the plaeenta or through breastfeeding. Artifìeial 
passive immunity results following an injeetion of 
antibodies to a speeifìe pathogen. 


1. What are the key ftinetions of the 
lymphatie system? 

a. Immunity and eleetrolyte 
balanee 

b. Immunity, absorption of fats, 
and the maintenanee of fluid 
balanee 

e. Immunity only 

d. Maintenanee of fluid balanee 
only 

2 . What forms the basis of 
lymphatie fluid? 

a. Tissue fluid left behind 
following eapillary exchange 

b. Seeretions of lymph nodes 

e. Seeretions from the eells lining 
lymphatie eapillaries 

d. Plasma 

3 . In which lymphatie organ do 
T eells mature? 

a. Red bone marrow 

b. Tonsils 

e. Spleen 
d. Thymus 


4 . Which statement most eorreetly 
deseribes the main function of 
lymph nodes? 

a. The fìltration of blood plasma 
to remove excess white blood 
eells 

b. The production of lymphatie 
fluid 

e. The removal of pathogens 
and foreign material from 
lymphatie fluid 

d. The production of antibodies 

5 . Which important white blood 
eells travel throughout the 
bloodstream seeking out baeteria? 

a. Maerophages 

b. Phagoeytes 

e. Neutrophils 

d. Phagosomes. 

6 . A tetanus shot ereates what type 
of immunity? 

a. Narnral aetive immunity 

b. Artifieial aetive immunity 

e. Natural passive immunity 
d. Artifieial passive immunity 









7. Correct ansiver: d. Lymphoeytes and monoeytes in 
the white pulp sereen passing blood for foreign 
antigens while phagoeytie eells in the sinuses 
ingest and destroy mieroorganisms. It does not 
produce immunoglobulins, B and T eells, or 
interferon. 

8. Correct anstver: b. An allergen is an 
environmental substance eapable of triggering an 
allergie reaetion in susceptible individuals. An 
antibody is an immunoglobulin that proteets the 
body against eertain antigens. A maerophage is a 
phagoeytie white blood eell. 

9. Correct answer: a. Humoral immunity focuses on 
pathogens outside of the eell. Passive immunity 
occurs when someone reeeives antibodies against a 
speeifie antigen from another person or an animal. 
Nonspeeifìe immunity uses meehanisms such as 
external barriers, phagoeytosis, antimierobial 
proteins, natural killer eells, inflammation, and 
fever to proteet against a broad range of 
pathogens. 

10. Correct ansiver: a. Complement is an 

antimierobial protein that attaeks baeteria. 
Interferon is also an antimierobial protein 
that is seereted by an infeeted eell to help 
proteet neighboring eells. Lysozyme is a 
baeteria-destroying enzyme found in mucus, 
tears, and saliva. 


7 . How does the spleen contribute 
to immunity? 

a. It produces immunoglobulins 

b. It produces B and T 
lymphoeytes 

e. It produces interferon 

d. It sereens passing blood for 
foreign antigens 

8 . A substance eapable of causing 
disease is ealled: 

a. an allergen. 

b. an antigen. 

e. an antibody. 
d. a maerophage. 


9 . Which type of immunity uses 
T eells to destroy pathogens 
within a eell? 

a. Cellular immunity 

b. Humoral immunity 
e. Passive immunity 

d. Nonspeeifìe immunity 

10. Humoral immunity triggers the 
production of 

_to fight 

pathogens. 

a. antibodies 

b. eomplement 

e. interferon 
d. lysozyme 
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CHAPTER OLITLINE 

Upper RespiratoryTraet 
Lower RespiratoryTraet 
Pulmonary Ventilation 


LEARNING OUTCOMES 

1. List the roles of the respiratory system. 

2. Name and deseribe the functions of the organs 
of the respiratory system. 

3. Traee the flow of air from the nostrils to the 
alveoli. 

4. Name the muscles used for breathing and 
state their role in inspiration and expiration. 

5. Identify the respiratory eenters in the medulla 
and explain how they eontrol breathing. 

6. Identify the various faetors that alter the rate 
and depth of breathing. 

7. Deseribe how pressure gradients affeet the 
flow of air into and out of the lungs. 

8. Discuss how pulmonary eomplianee and 
alveolar surface tension affeet airflow. 

9. List and deseribe the measurements of 
ventilation. 

10. Explain the proeess of gas exchange along the 
circulatory route. 

11. Deseribe the transport of oxygen and earbon 
dioxide. 




The respiratory and eardiovaseiilar systems work elosely together to provide the body with oxygen and to remove earbon 
dioxide. The respiratory system assumes other roles as well: it influences sound production and speeeh; it makes the sense of 
smell (and therefore taste) possible; and, as will be discussed in Chapter 19, it helps the body maintain homeostasis through 
the regulation of aeid-base balanee. The respiratory system is divided into two traets: 



FAST FACT 


The upper respiratory 
traet eonsists of structures 
loeated outside the thoraeie 
eavity. 


The lower respiratory 
traet eonsists of structures 
loeated insidethe thoraeie 
eavity. 


Nasal eavity 

Nasopharynx 

Oropharynx 

Laryngopharynx 

Larynx 



- Pharynx 


Traehea 


Left and right 
primary bronehi 

Bronehioles 


You ean live about 40 days 
without food, about 7 days 
without water, but only 
minutes without oxygen. 


Left lung lower lobe 
Diaphragm 
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Upper Respiratory Traet 


Functionally, the respiratory system also includes the: 



Oral eavity 


Rib eage 

Respiratory muscles (including the diaphragm) 

______i_^_^_^ 


The structures of the upper respiratory traet —eonsisting of the nose, nasopharynx, 
oropharynx, laryngopharynx, and larynx—warm and humidify inspired air. Theyre also 
responsible for the senses of smell and taste as well as chewing and swallowing food. 

Nose and Nasal Cavities 

Air enters and leaves the respiratory system through the nose. Just inside the nostrils are small 
hairs ealled eilia that fìlter out dust and large foreign partieles. 

The nasal eavity lies just over the mouth, separated from that orifìee by a bony structure 
ealled the palate. A vertieal plate of bone and eartilage—ealled the septum —separates the eavity 
into two halves. The eavity is lined with epithelium rieh in goblet eells that produce mucus. 


Spontaneous 
nosebleeds (that result 
without trauma or 
irritation) ean be an 
early sign of 
hypertension. 


Frontal sinus 


Projeeting from the lateral wall of 
eaeh eavity are three bones ealled 
eonehae.These bones ereate 
narrow passages, ensuring that 
most air eontaets the mucous 
membrane on the way through. 
As it does, the air pieks up 
moisture and heat from the 
mucosa. At the same time, dust 
stieks to the mucus, which is then 
swallowed. 


Hard palate 


Soft palate 



Branehes of the olfaetory nerve (responsible 
for the sense of smell) penetrate the upper 
nasal eavity and lead to the brain. 


Pharynx 

Just behind the nasal and oral eavities is a muscular tube ealled the pharynx. Commonly ealled 
the throat, the pharynx ean be divided into three regions: 


The sphenoid sinus (shown here), as well 
as the other paranasal sinuses (including 
the frontal, maxillary, and ethmoidal 
sinuses), drain mucus into the nasal 
eavity. (For further discussion of the 
paranasal sinuses, see ehapter 7, Skeletal 
System). 



'J 


v 


The Body AT WORK 

Only air passes through the 
nasopharynx, vvhile both 
food and airpass through 
the oropharynx and 
laryngopharynx. 




The nasopharyme extends from the 
posterior nares to the soft palate. It 
eontains openings for the right and left 
auditory (eustachian) tubes. 



The oropharynx is a spaee between the 
soft palate and the base of the tongue. It 
eontains the palatine tonsils (the ones most 
eommonly removed by tonsilleetomy) as well 
as the lingual tonsils, found at the base of the 
tongue. 



The laryngopharynx passes dorsal to 
the larynx and eonneets to the esophagus. 































Larynx 

Lying between the root of the tongue and the upper end of the traehea, the larynx is a ehamber 
formed by walls of eartilage and muscle. Because it eontains the voeal eords, it’s often ealled the 
voiee box; however, it actually has three functions: 

1. It prevents food and liquids from entering the traehea. 

2 . It aets as an air passageway between the pharynx and traehea. 


3 . It produces sound. 


The larynx is formed by nine 
pieees of eartilage that keep it 
from eollapsing; a group of 
ligaments bind the pieees of 
eartilage together and to 
adjaeent structures in the 
neek. 

The epiglottis —vvhieh 
eloses over the top of the 
larynx during swallowing to 
direet food and liquids into 
the esophagus—is the 
uppermost eartilage. 

• The largest pieee of eartilage 
is the thyroid eartilage, 


Nasal eavity 


which is also known as the 
Adam's apple. 


Epiglottis 


Hyoid bone 


Thyroid 

eartilage 


Pharyngeal tonsil 
Auditory tube 


Palatine tonsil 


Traehea 



The mucous membrane 
lining the larynx forms two 
pairs of folds. The superior 
pair—ealled vestibiilar 
folds, or, oeeasionally, false 
voeal eords—play no role in 
speeeh.They elose the glottis 
(the opening between the 
voeal eords) during swallow- 
ing to keep food and liquids 
out of the airway. 

The inferior pair, the voeal 
eords, produces sound when 
air passes over them during 
exhalation. 

The opening between the 
eords is ealled the glottis. 


Esophagus 


Base of tongue 


Epiglottis 


Vestibular fold 


Voeal eord 


Glottis 



Voeal eords in the 
elosed position 


Voeal eords in the 
open position 



The Body AT WORK 

Airpassing betvveen the voeal eords daring exhalation produces sound. Loudness depends upon the foree ofthe air: the 
more forceful the air, the louder the sound. Only the voeal eords produce sound; hovvever, the pharynx, oral eavity; 
tongue, and lips shape the sounds to form vvords. 

High-pitehed sounds result vvhen the eords are relatively taut; more relaxed eords produce lovver-pitehed sounds. The 
voeal eords in adult males are usually longer and thieker and vibrate more slovvly, producing lovver-pitehed sounds than 
in females. 
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Lower Respiratory Traet 


The traehea extends from the larynx to a 
cartilaginous ridge ealled the earina. 


BronehialTree 

At the earina, the traehea branehes into 
two primary bronehi. Like the traehea, 
the primary bronehi are supported by 
C-shaped rings of eartilage. (All of the 
divisions of the bronehial tree also 
eonsist of elastie eonneetive tissue.) 

The right bronchus is slightly wider 
and more vertieal than the left, 
making this the most likely loeation for 
aspirated (inhaled) food partieles and 
small objeets to lodge. 


Immediately after entering the lungs, 
the primary bronehi braneh into 
seeondary bronehi: one for eaeh of 
the lung's lobes. Sinee the left lung 
eonsists of two lobes, it has two 
seeondary bronehi; the right lung has 
three lobes, so it has three bronehi. 


Seeondary bronehi braneh into smaller 
tertiary bronehi.The cartilaginous 
rings around the bronehi beeome 
irregular and disappear entirely in the 
smaller bronehioles. 


Tertiary bronehi continue to braneh, 
resulting in very small airways ealled 
bronehioles. Less than 1 mm wide and 
laeking any supportive eartilage, 
bronehioles divide further to form thin- 
walled passages ealled alveolar ducts. 


4 


Left primary 
bronchus 


Left seeondary 
bronchus 


Left tertiary 
bronchus 


Bronehioles 


Alveolar ducts throughout the 
lungs terminate in clusters of 
alveoli ealled alveolar saes, the 
primary structures for gas 
exchange. 


The lower respiratory traet eonsists of the traehea, bronehi, and lungs. The traehea 
and the bronehi distribute air to the interior of the lungs; deep within the lungs is 
where gas exchange occurs. 


Traehea 

Lying just in front of the esophagus, the 
traehea is a rigid tube about 4.5 inehes 
(11 em) long and 1 ineh (2.5 em) wide. 
C-shaped rings of eartilage eneirele the 
traehea to reinforee it and keep it from 
eollapsing during inhalation.The open part 
of the"C"faces posteriorly, giving the 
esophagus room to expand during 
swallowing. 


The traehea and the two bronehi 
with their many branehes 
resemble an inverted tree: thats 
why it s often ealled the 
bronehial tree. 


Larynx 
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Terminal bronehiole 


Pulmonary arteriole 


Alveolar duct 


Alveoli 

The lung passages all exist to serve the alveoli because it’s within the alveoli that gas 
exchange occurs. 


Pulmonary venule 


Alveolar 

sae 


Alveolus 


Capillary 


For gas to enter or leave a eell, it must be dissolved in a 
liquid. Therefore, the inside of eaeh alveolus is eoated with a 
thin layer of fluid. This fluid eontains surfactant, a substance 
that helps reduce surface tension (the foree of attraetion between 
water molecules) to keep the alveolus from eollapsing as air 
moves in and out during respiration. (For more information, see 
“Alveolar Surface Tension” in this ehapter.) 


Alveoli 


The exchange of air occurs through vvhat's ealled 
the respiratory membrane, vvhieh eonsists of 
the alveolar epithelmm, the eapillary 
endothelium, and their joined basement 
membranes. 


It s estimated that the 

lungs eontain 

300 million alveoli. 


The alveoli are vvrapped in a fine mesh of 
eapillaries.The extremely thin vvalls of the 
alveoli, and the eloseness of the eapillaries, 
allovv for effieient gas exchange. 




The Body AT WORK 

A large portion ofthe membrane lining the bronehial tree is 
eovered with a layerofproteetive mucus, which serves to purify 
the air entering the respiratory traet. This eleansing mucus 
moves up from the lowerportions ofthe bronehial tree toward 
the pharynx, propelled along by millions ofhair-like eilia that 
line the respiratory mucosa. The eilia beat in one direetion — 
upward —50 that the mucus will move toward the pharynx. 
Ggarette smoke paralyzes these eilia. As a resait, mucus 
accumulates in the lowerportions ofthe bronehial tree, causing 
the typieal "smoker's cough"as the \ungs attempt to rid 
themselves ofthe excess mucus. 


Infants born before 28 weeks’ 
gestation eommonly laek surfactant. 
Without surfactant, surface tension 
restriets alveolar expansion during 
inspiration and causes alveolar eollapse 
during expiration. Thats why 
neonates often develop respiratory 
distress syndrome and require the 
administration of artifieial surfactant. 
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Lungs 

The lungs fìll the pleural eavity: they extend from just above the elavieles to the diaphragm and lie 
against the anterior and posterior ribs. The medial portion of eaeh lung is eoneave to allow room for 
the heart and great vessels. The primary bronehi and pulmonary blood vessels enter eaeh lung 
through an opening on the lung’s medial surface ealled the hilum. 


Right Lung 

The right lung is shorter, 
broader, and larger than 
the left. It has three 
lobes—the superior, 
middle, and inferior—and 
handles 55% of the gas 
exchange. The right lung 
eontains two fissures: 

• Horizontal fissure 

• Oblique fissure 


The base of eaeh lung 
rests on the diaphragm. 


The top, or apex, of eaeh lung extends 
about 1/2"(1.3 em) above the first rib. 


vena eava 


Left Lung 

Because the heart extends 
toward the left, the left 
lung has only two lobes: 
the superior and inferior. It 
eontains one fissure: 

• Obliquefissure 



Deseending 

aorta 


Life lesson: Asthma 

Asthma is the most eommon ehronie illness in ehildren; what's more, the number 
of people afflieted with asthma is on the rise. In the Llnited States, about 5% of all 
adults and 10% of all ehildren have asthma. 

Typieally, when someone with asthma is exposed to an allergen or other 
respiratory irritant (such as dust or fumes), the bronehioles eonstriet and spasm. 
These narrowed airways trigger coughing and wheezing—sometimes severe— 
as the person struggles to breathe. Inflammation in the airways also causes 
excessive production of thiek, stieky mucus that further elogs the airways. Airway 
obstruction ean beeome severe enough to cause suffocation and death. 

Treatment involves dilating the airways through the administration of 
epinephrine and beta-adrenergie stimulants. Also, anti-inflammatory 
medieations and inhaled eortieosteroids are often preseribed to treat 
inflammation and minimize searring. 




































Pletirae 


A serous membrane—the 
viseeral pleura —eovers the 
surface of the lungs, 
extending into the fissures. 


Posterior 


Traehea 


Vertebra 


Bronehi 


Esophagus 


Aorta 


The parietal pleura lines 
the entire thoraeie eavity. 




Sternum 


The spaee between the viseeral and parietal pleurae is ealled the pleural 
eavity. The pleural eavity is only a potential spaee; the two membranes 
are normally separated only by a film of slippery pleural fluid. 

The fluid in the pleural eavity serves two purposes: 

• It lubricates the pleural surfaces, allowing the two surfaces to glide 
painlessly against eaeh other as the lungs expand and eontraet. 

• Because the pressure in the pleural eavity is lower than atmospherie 
pressure, it ereates a pressure gradient that assists in lung inflation. 


Anterior 


Life lesson: Changes with aging 

As the body ages, numerous ehanges occur in the respiratory system—all 
leading to a general reduction in respiratory effieieney. Here are a few of those 
ehanges: 

• Deereased mobility of the ehest wall 

• inereased lung rigidity 

• Deereased number and dilation of alveoli 

• Weakened respiratory muscles 

• Reduced volume of proteetive respiratory fluids 

These ehanges reduce an older person's ability to perform vigorous exercise. 
They also lead to inereased riskfor developing pneumonia following a baeterial 
or viral illness. In addition, these ehanges ean compound the effeets of heart and 
lung diseases. 



Respiratory System 
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Piilmonary ventilation is simply breathing: the repetitive proeess of inhaling (ealled 
inspiration) and exhaling (ealled expiration). Both aetions depend on the function of 
respiratory muscles and a differenee between the air pressure within the lungs and the air 
pressure outside the body. One inspiration and one expiration eomprise one respiratory 


Respiratory Musdes 



In adults, normal respiratory 
rates range from 12 to 20 breaths 
per minute. 



The lungs depend on the skeletal muscles of the trunk (espeeially the diaphragm and the 
intereostal muscles) to expand and eontraet to ereate airflow. The main muscle 
responsible for pulmonary ventilation is the diaphragm: the dome-shaped muscle 
separating the thoraeie and pelvie eavities. 



Peetoralis 


minor 


Expiration 

• The internal intereostal 

muscles pull the ribs 
downward as the external 
intereostals relax. 

• The diaphragm relaxes, 
bulging upward and 
pressing against the base 
of the lungs, reducing the 
size of the thoraeie eavity. 


Air is pushed out of the 
lungs. 


External abdominal 
oblique 

Rectus 

abdominis 


Inspiration 

• The external intereostal 

muscles pull the ribs 
upward and outward, 
widening the thoraeie 
eavity. 

• The internal 
intereostals help elevate 
the ribs. 

• The diaphragm 

eontraets, flattens, and 
drops, pressing the 
abdominal organs 
downward and enlarging 
thethoraeie eavity. 

Air rushes in to equalize 
pressure. 


Aeeessory Mtiseles of Respiration 

During times of foreed or labored breathing, additional muscles, ealled aeeessory muscles 

of respiration, join in to assist with breathing. For example: 

• During deep inspiration, muscles of the neek (the sternoeleidomastoids and sealenes) 
and the ehest (the peetoralis minor) eontraet to help elevate the ehest (see red arrows in 

• During foreed expiration —such as when singing or shouting—the rectus abdominis 
and external abdominal obliques eontraet to pull down the ribs and sternum, further 
reducing ehest size and expelling air more rapidly (see blue arrows in figure). 



The Body AT WORK 

People having difficulty breathing may depend heavily on aeeessory muscles 
to breathe. Forexampie, in emphysema, \ungs lose theirelastieityand 
exhaling is no longer a passive proeess. Patients must use their aeeessory 
muscles to exhale, making exhaling an aetive, exhausting proeess. In other 
patients, the use ofaeeessory muscles ean indieate acute respiratory distress, 
signaling a medieal emergeney. 
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Nenral Control ofBreathing 

Unlike eardiae muscle, which eontains intrinsie paeemakers, the muscles used for breathing are 
skeletal muscles—and skeletal muscles require nervous stimulation to eontraet. Although a variety 
of faetors affeet the rate and rhythm of breathing, the respiratory eenters responsible for automatic, 
unconscious breathing reside in the medulla and pons—parts of the brainstem. 

The medulla eontains two intereonneeted eenters that eontrol breathing: the inspiratory eenter 
and the expiratory eenter. 


The inspiratory eenter is the primary respiratory eenter. It eontrols inspiration and, indireetly, 
expiration as well. Here's how it works: 


1. The inspiratory eenter sends impulses to the intereostal muscles (via the intereostal 
nerves) and to the diaphragm (via the phrenie nerves). 

2. The inspiratory muscles eontraet, causing inhalation. 

3. Nerve output then eeases abruptly, causing the inspiratory muscles to relax. The elastie 
reeoil of the thoraeie eage produces exhalation. 


Although the medulla is the main breathing eenter, the pons 
eontains two eenters that ean influence basie breathing rhythm: 


The apneustic eenter 

stimulates the inspiratory 
eenter to inerease the 
length and depth of 
inspiration. 


The pneumotaxic eenter 

inhibits both the apneustic 
eenter and the inspiratory 
eenter; this contributes to 
a normal breathing 
rhythm and prevents 
overinflation of the lungs. 



When more forceful exhalations are needed, such as during 
exercise, the expiratory eenter sends impulses to the abdominal 
and other aeeessory muscles. 


The Body AT WORK 

The eerebral cortex allowsyou to voluntarily ehange 
your breathing rate or rhythm, such as to sing or 
blow out a eandle, oreven to holdyourbreath. 
However, whenyou holdyourbreath, C0 2 isn't 
expelled through breathing and the C0 2 level in the 
blood rises. C0 2 is a powerful respiratory stimulant. 
When C0 2 rises to a eertain level, the respiratory 
eenters overrideyour voluntary aetion and 
breathing resames. 


CHAPTER 17 Respiratory System 

















































PARTIV Maintenanee of the Body 



Variations in Breathing 

Despite neural input, breathing patterns don’t remain eonstant. Respiratory rate and 
rhythm vary: with pain, emotion (such as fear, anger, or anxiety), exercise, and 
ehanges in the body’s physieal state. These variations occur because the respiratory 
eenters reeeive input from a number of sensory reeeptors throughout the body, 
alerting it to the body’s ehanging needs. 


Faetors lnfluencing Breathing 


Faetor 


Oxygen 



Hydrogen ions 
(pH) 


PH 


Streteh 


Pain and 
emotion 


Irritants 

(such as smoke, 
dust, pollen, 
noxious 
ehemieals, 
and mucus) 


FAST FACT 


Carbon dioxide—NOT 

oxygen—is the primary 
regulator of respiration. Thats 
because earbon dioxide easily 
erosses the blood-brain 
barrier. 






Sensory Reeeptor 

Peripheral ehemoreeeptors 

(loeated in the earotid 
and aortie bodies) 


Central ehemoreeeptors 
(loeated in the brainstem) 


Reeeptors in the lungs 
and ehest wall 


Hypothalamus and limbie 
system 


Nerve eells in the airway 


Aetion 

Low blood levels of oxygen cause peripheral ehemoreeeptors to 
send impulses to the medulla to inerease the rate and depth of 
respirations. This brings more air, and therefore oxygen, into the 
lungs. 


Central ehemoreeeptors monitorthe pH of eerebrospinal fluid 
(CSF), which mirrors the level of earbon dioxide in the blood. 
Falling pH levels indieate an excess of earbon dioxide. 

VVhen this occurs, eentral ehemoreeeptors signal the respiratory 
eenters to inerease the rate and depth of breathing.This helps 
the body "blow off" excess earbon dioxide, raising the pH. 


As the lungs inflate during inspiration, reeeptors deteet the 
stretehing and signal the respiratory eenters to exhale and inhibit 
inspiration. Called the Hering-Breuer reflex, this meehanism 
prevents lung damage from overinflation. 


These areas of the brain send signals that affeet breathing in 
response to pain and emotions (such as fear, anger, and anxiety) 


Nerve eells respond to irritants by signaling the respiratory 
muscles to eontraet, resulting in a cough or a sneeze. Coughing 
or sneezing propels air rapidly from the lungs, helping to 
remove the offending substance. 
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Pressure and Airflow 

Air moves into and out of the lungs for the same reason that blood flows: because of a pressure gradient. The pressure that 
drives respiration is atmospherie pressure: the weight of the air around us. 

When the pressure within the lungs drops lower than atmospherie pressure, air flows from the area of higher pressure— 
the air outside the body—to an area of lower pressure—the lungs; this is inspiration. When the pressure within the lungs 
rises above atmospherie pressure, air flows out of the lungs (expiration) until the two pressures equalize. Whereas inspiration 
is an aetive proeess, requiring the use of muscles, normal expiration is a passive proeess, resulting from the reeoil of healthy 
lungs. 


ANIMATION 
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Inspiration 

• The intereostal muscles eontraet, pulling the ribs up and out; the 
diaphragm eontraets and moves downward.This enlarges the 
ehest eavity in all direetions. 

• The lungs expand along with the ehest because of the two layers 
of the pleurae. 

• The parietal pleura is firmly attaehed to the ribs; the viseeral 
pleura eovers the lungs. 

• Although not attaehed to eaeh other, the thin film of fluid 
between the two pleurae causes them to eling together like 
two pieees of wet paper. 

• Furthermore, the potential spaee between the two pleurae 
maintains a pressure slightly less than atmospherie pressure 
(negative pressure).This is the intrapleiiral pressure. When 
the ribs expand and the parietal pleura pulls away, intrapleural 
pressure beeomes even more negative.This has a suction-like 
effeet, causing the viseeral pleura to eling even tighter to the 
parietal pleura. 

• The viseeral pleura follows the parietal pleura, pulling the lung 
along with it. 

# When the lungs expand, the volume of air in the lungs spreads 
throughout the enlarging spaee. This causes the pressure within 
the bronehi and alveoli (the intrapulmonic pressure) to drop. 
(See'That Makes Sense!") 

# When the intrapulmonic pressure drops lower than the 
atmospherie pressure, air flows down the pressure gradient 
into the lungs. 


Expiration 

# The diaphragm and external intereostal muscles relax, and the 
thoraeie eage springs baekto its original size. 

# The lungs are eompressed by the thoraeie eage. 

# lntrapulmonary pressure rises. 

# Air flows down the pressure gradient and out of the lungs. 



That Makes Sense 

A law ofphysies ealled Boyle's Law explains why 
intrapulmonicpressure drops as the lungs expand. Boyle's 
Lawstates, "Ata eonstant temperature, the pressure ofa 
given quantityofgas is inversely proportional to its volume. 
In other words, a given volume ofgas will exertmore 
pressure in a smallerspaee than it will in a largerspaee. 

To illustrate, imagine tying offthe end ofa large plastie 
bag. The air in the bag would cause the bag to balloon 
slightly but the bag would still be soft to touch. The air 
inside the bag would have a low pressare. Now imagine 
twisting the end ofthe bag, making the volume ofthe bag 
smaller. This would foree the air in the bag into a smaller 
spaee and the bag would beeome firm to touch — 
exhibiting a higherpressure. lfyou continued to twist, 
making the bag even smaller, the pressare could beeome 
greatenough to pop the bag. 


// 
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Life lesson: Pneumothorax 

If the thoraeie wall is punctured, air from the atmosphere 
will rush in to the pleural eavity, transforming what is 
normally a potential spaee into a spaee filled with air. As a 
result, the negative pressure that eharaeterizes the pleural 
eavity is lost, and the lung reeoils and eollapses.This is 
ealled a pneumothorax. Air ean also enter the pleural spaee 
when a weakened or diseased alveoli ruptures.This causes 
a disruption in the viseeral pleura, and air from the lung 
enters the pleural eavity, again resulting in a 
pneumothorax. 



Outside air 
rushes in 
follovving a 
puncture of 
ehest wall 
and parietal 
pleura. 


Lung air rushes out 
following disruption 
of the viseeral pleura 


Plural spaee 

Normal lung 

Chest wall 


Faetors AjfeetingAirfloiv 

Effeetive pulmonary ventilation depends on several faetors. Two particularly important faetors are 
pulmonary eomplianee and alveolar surface tension. 

Pulmonary Compliance 

Pulmonary eomplianee refers to the elastieity of lung tissue. Ventilation eant occur unless the lungs 
and thorax ean streteh and, just as important, reeoil. Some diseases (such as tuberculosis or blaek 
lung disease) cause searring, which makes the lungs stiffer, or less eompliant. The lungs have 
difficulty expanding, and ventilation is impaired. 

Alveolar Surface Tension 

The inner surface of eaeh alveoli is eovered with a thin film of water. The water is neeessary for gas 
exchange. However, water molecules are also eleetrieally attraeted to eaeh other, just like weak 
magnets. Left alone, the water molecules inside the alveolus will move toward eaeh other, ereating a 
foree that will eollapse the alveoli. If the alveoli eollapse, gas exchange ean’t occur. To avoid this 
problem, alveolar eells seerete surfactant, a lipoprotein that dismpts the eleetrieal attraetion 
between the water molecules. This lowers surface tension and prevents alveolar eollapse. 


Life lesson: Emphysema 

Emphysema is a progressive lung disease in which lung tissue 
surrounding alveoli is destroyed.This leaves alveoli unsupported, 
allowing them to enlarge and eventually rupture. Alveolar walls fuse into 
large irregular spaees that offer less area available for gas exchange. The 
alveoli also lose elastieity and the ability to reeoil. Consequently, air 
beeomes trapped in the lungs. Over time, the trapped air causes the 
diameter of the ehest to enlarge, and the ehest assumes the shape of a 
barrel. (A person with emphysema is often said to be"barrel-chested") 
Persons with emphysema must work to exhale; they ean expend three to 
four times the normal amount of energy just to breathe. 


Normal ehest 



Barr 
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Measurements of Ventilation 

Measuring lung eapaeity ean provide information about the health of a person’s lungs. This 
information is usually obtained by having the person breathe through a deviee ealled a spirometer. 
(The values shown in the following spirographie reeord are typieal for a healthy young adult.) 



The amount of air inhaled and exhaled during quiet breathing is known as tidal volume. 


Aftertaking a normal breath, it's still possibleto inhale even more air.This amount of air—inhaled using maximum effort 
after a normal inspiration—is ealled the inspiratory reserve volume. 


Likewise, after a normal expiration, it's possible to exhale even more air.The amount of air that ean be exhaled after a 
normal expiration by using maximum effort is the expiratory reserve volume. 


Even after a foreed expiration, about 1300 ml of air remains in the lungs. Called the residual volume, this air ensures that 
gas exchange continues even between breaths. 


The amount of air that ean be inhaled and exhaled with the deepest possible breath is the vital eapaeity. (Vital eapaeity is 
the tidal volume eombined with the inspiratory and expiratory reserve volumes.) 


Total lung eapaeity is the maximum amount of airthat the lungs ean eontain: the vital eapaeity plus the residual volume. 


With every breath, about 150 ml of air remains in the conducting airways. Sinee this air doesn’t 
reaeh the alveoli, it ean’t partieipate in gas exchange. The air is said to be in the anatomieal dead 
spaee: in the passageways instead of the alveoli. Anatomieal dead spaee occurs normally as air 
makes its way to the alveoli. 

Physiologieal dead spaee includes all the air in conducting airways (the anatomieal dead spaee) 
plus the air in any alveoli that are poorly perfused and, therefore, less effieient in gas exchange. 
Certain diseases cause portions of the lung to be poorly perfused, leading to inereased physiologieal 
dead spaee. 
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The Body AT WORK 

Vital eapaeity depends on several faetors, including an individual's size, postare, and overall health. In general, a tall 
person has larger lungs, and therefore a larger vital eapaeity, than does a shortperson. Also, standing ereet inereases 
vital eapaeity, vvhile slouching or lying down deereases it. 

Gertain diseases also affeet vital eapaeity. For example, excess fluid in the abdomen or pleura eneroaehes upon 
the spaee occupied by the \ungs, diminishing vital eapaeity. Congestive heart failure causes blood to baek up in the 
lungs, filling alveolar air spaee and deereasing vital eapaeity. On theotherhand, exercise programs andyoga have 
been shown to help inerease vital eapaeity. 


Variations in Respiratory Rhythm 

A variety of eonditions, including exercise, anxiety, and various disease states, influence respiratory 
rate and rhythm. The following table lists the names for eommon variations in breathing. 


Common RespiratoryTerms 



Term Type of Breathing 

Apnea Temporary eessation of breathing 

Cheyne-Stokes respirations Breathing pattern marked by a period of apnea followed by gradually inereasing rate and depth of respirations; 

often seen in terminally ill or brain-damaged adults 

Labored or difficult breathing 

Relaxed, quiet breathing 

inereased rate and depth of respirations resulting in lowered blood levels of earbon dioxide; often results from 
anxiety 

Reduced rate and depth of respirations, resulting in inereased blood levels of earbon dioxide 
Very deep, gasping respirations assoeiated with diabetie ketoaeidosis 

Labored breathing that occurs when a person is lying flat but improves when standing or sitting up; a elassie 
symptom of left ventricular heart failure 

Rapid breathing 



Dyspnea 

Eupnea 

Hyperventilation 
Hypoventilation 
Kussmaul respiration 
Orthopnea 
Taehypnea 


FAST FACT 


Regular exercise promotes 
development of respiratory 
muscles, which leads to an 
inerease in vital eapaeity. 









Gas Exchange 

The goal of respiration is the delivery of oxygen to the 
organs and tissues of the body and the removal of earbon 
dioxide. This exchange of gases—both in the lungs and the 
tissues of the body—depends on differenees in pressure. 

The air we breathe has a pressure of 760 mm Hg; this is 
known as total atmospherie pressure. The atmosphere 
eonsists of about 78% nitrogen, 21% oxygen, and about 
1% other gases, of which 0.03% is earbon dioxide. Eaeh 
one of these gases contributes to the total atmospherie 
pressure. The contribution of a single gas in any mixture of 
gases is ealled partial pressure. A gas’s partial pressure is 
symbolized by the letter “P” followed by the formula for 
the gas, such as PeO^. 


That Makes Sense 

The partial pressure ofa gas direetly relates to its 
eoneentration in a mixture. Forexample, oxygen 
constitutes approximately21 % ofatmospherie air. To 
determine its partialpressare, multiply 0.21 (the 
pereentage ofoxygen) by 760 (the totalpressare ofthe 
atmosphere). The resulting numberof 159.6 is the partial 
pressare ofoxygen in the air we breathe. 
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Life lesson: Heimlieh manetiver 

The Heimlieh maneuver is an effeetive maneuver for dislodging a foreign objeet in someone who is ehoking.The 
maneuver uses the residual volume of air already in the lungs to expel an objeet in the traehea. If someone appears 
to be ehoking, always ask,"Can you speak?"Someone with an obstmeted airway won't be able to talk, even though 
he's conscious. (Remember: Air has to pass between the voeal eords for someone to talk.) If the airway is indeed 
obstructed, follow these steps: 



1. Stand or kneel behind the 

2. Wrap your other arm 

3. Useyourouter handtoforee 

person who is ehoking. Make 

around the person from 

your fist into the abdomen. 

a fist with one hand and wrap 

the other side, plaeing your 

Make quick, hard movements 

your arm around the person's 

other hand over your fist. 

inward and upward to foree air 

waist. Plaee your fist (thumb 


out of the person's lungs. 

inward) in the person's 


Repeat the maneuver several 

abdomen, above the navel 


times if neeessary to dislodge 

and belowthe ribeage. 


the objeet. 
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Proeess ofGas Exchange 

The partial presstires of oxygen and earbon dioxide vary between the air we breathe, the alveoli, 
arterial blood, and venous blood. It’s these variations in pressure that allow the body to absorb 
oxygen and expel earbon dioxide. The key point to remember is thatgas diffases from an area ofhigher 
pressure to an area oflotver pressure until the pressures are equalized. 

Follow the path of blood along the circulatory route, noting the differenees in the partial 
pressures of oxygen and earbon dioxide. 


ANIMATION 




Inspired air has a PO^ of 159 and a 

PC0 2 of0.3. 



When it arrives at the alveoli, air has a On the other side of the alveoli’s thin 
P0 2 of 104 and a PC0 2 of 40. membrane are pulmonary eapillaries 

that eontain venous blood. This blood 

has a P0 2 of 40 and a PC0 2 of 46. 



The differenees in partial pressures of 0 2 
and C0 2 on either side of the respiratory 
membrane cause 0 2 to move out of the 
alveoli and into the eapillaries and C0 2 to 
move out of the eapillaries into the alveoli. 
(In other words, the red blood eells in the 
eapillaries unload C0 2 and load oxygen.) 
The C0 2 is later exhaled through the lungs. 


Blood in the eapillaries 
now has a P0 2 of 100 and 

a PC0 2 of 40. 




This oxygen-enriched blood travels to 
the heart’s left ventriele, where it’s 
pumped to the bodys tissues. 




Meanwhile, eells in the body’s tissues 
have been using oxygen for energy 
production and producing C0 2 as a 
by-product. The fluid surrounding the 

eells has a P0 2 of 40 and a PC0 2 of 46. 


When the blood from the left ventriele 
(with a P0 2 of 100) arrives at the tissues 
(with a P0 2 of 40), oxygen diffbses out 
of the blood and into the tissues. 
Simultaneously, earbon dioxide diffhses 
from the tissues (PC0 2 of 46) and into 
the blood (PC0 2 of 40) . 


Onee it has released oxygen to the tissues 
and absorbed C0 2 , the eapillary blood 

has a P0 2 of 40 and a PC0 2 of 46. 

Systemie eapillaries earry this oxygen- 
depleted blood away from the tissues and 
toward the heart s right ventriele, where it 
will be pumped baek to the lungs. 
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The Body AT WORK 

Optimal gas exchange obviously depends upon a number offaetors, including those listed in the table belovv. 
A dismption in anyone ofthese faetors ean profoundly affeet oxygenation. 



Faetor Neeessary for Oxygenation 


Potential Disriiption 


Pressure gradient between the oxygen in alveolar At high altitudes, the partial pressure of oxygen in inspired air is less than at sea 
air and the oxygen in ineoming pulmonary blood level. As a result, alveolar P0 2 is deereased and less oxygen enters the blood. 


Adequate alveolar surface area 


Adequate respiratory rate 


Certain disorders—such as emphysema, pneumothorax, and surfactant 
disorders—deerease the functional surface area of the lung. Less area is available 
for gas diffusion, and blood oxygen levels deeline. 

For gas diffusion to occur, alveoli must reeeive a steady supply of oxygen through 
inspired air. Anything that deereases the respiratory rate (such as the nareotie 
morphine) lessens the amount of oxygen entering the blood. 


How the Blood Transports Gases 

The proeess of earrying gases from the alveoli to the tissties and baek is known as gas transport. 

Transport ofOxygen 

Of the oxygen entering the body, only 1.5% is dissolved in blood plasma. Heres what happens to 
the remaining 98.5% of oxygen: 

• In the lungs, the oxygen forms a weak bond with the iron portion of hemoglobin, 

oxyhemoglobin. 

• Oxyhemoglobin travels through the circulatory system to the tissue eells. 

• Onee there, the differenee in pH between the arterial and venous blood is enough 
bond between the oxygen and the hemoglobin. 

• The oxygen is then released to the tissues. 

Transport ofCarbon Dioxide 

Oarbon dioxide is transported from the tissues to the lungs in three ways: 

1. About 10% is dissolved in the plasma. 

2. Another 20% is bound to hemoglobin, forming earbaminohemoglobin. (Hemoglobin ean 
transport both and OO^ at the same time because they bind to different sites on the 
hemoglobin molecule.) 

3. The vast majority—about 70%—is earried in the form of biearbonate ions (HOO^ ). This occurs 
because when CO^ dissolves in plasma, it reaets with the water in the plasma to form earbonie aeid. 
Carbonic aeid then dissoeiates into biearbonate and hydrogen ions. 


ereating 


to break the 


FAST FACT 


Hemoglobin has a stronger affinity for earbon 
monoxide than it does for oxygen. That’s why 
exposure to earbon monoxide ean be deadly: 
onee bound to earbon monoxide, hemoglobin 
eant transport oxygen. 
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PARTIV Maintenanee of the Body 




Review of Key Terms 




Alveolus: Air sae in the lungs 

Bronehi: The two main branehes 
leading from the traehea to the lungs 
that serve as passageways for air 

Bronehioles: One of the smaller 
subdivisions of the bronehial tubes 

Epiglottis: The uppermost eartilage of 
the larynx; eloses during swallowing 
to direet food and liquids into the 
esophagus 

Glottis: The opening between the 
voeal eords 

Hilum: Opening on the lung s medial 
surface through which primary bronehi 
and pulmonary blood vessels pass 

lntrapleural pressure:The pressme 
between the viseeral and parietal 
pleurae, which assists with lung 
expansion 


Larynx: Structure made of eartilage 
and muscle at the upper end of the 
traehea; part of the airway and the 
voeal apparatus 

Palate: Bony structure separating the 
mouth from the nasal eavity 

Partial pressure: The contribution of a 
single gas in a mixture of gases toward 
the total pressure of the gas mixture 

Pharynx: Muscular tube behind the 
oral and nasal eavities; eommonly 
ealled the throat 

Pleura: Serous membrane eovering the 
lungs and the thoraeie eavity 

Surfactant: Lipoprotein seereted by 
alveolar eells that deereases surface 
tension of the fluid lining the alveoli, 
permitting expansion of alveoli 


Tidal volume: The amount of air 
inhaled and exhaled during quiet 
breathing 

Traehea: Portion of the respiratory 
traet that earries air through the neek 
and upper ehest 

Ventilation: The movement of air into 
and out of the lungs 

Vital eapaeity: The amount of air that 
ean be inhaled and exhaled with the 
deepest possible breath 



To make the information in this ehapter part of your 
working memory, take some time to refleet on what you’ve 
learned. On a separate sheet of paper, write down 
everything you reeall from the ehapter. After you’re done, 
log on to the DavisT/z/j website, and eheek out the Study 
Group podeast and Study Group Questions for the ehapter. 


Key Topies for Ohapter 17: 

• Structures of the upper respiratory traet 

• Structures of the lower respiratory traet 

• Structure and fimetion of the muscles used in pulmonary 
ventilation 

• Neural eontrol of breathing 

• Faetors influencing breathing 

• How a pressure gradient influences the flow of air into 
and out of the lungs 

• How pulmonary eomplianee and alveolar surface tension 
affeet airflow 

• Measurements of ventilation 

• Variations in respiratory rhythm 

• The proeess of gas exchange along the circulatory route 

• How the blood transports oxygen and earbon dioxide 






Ansivers: Chapter 17 

1. Correct answer: C. The nasopharynx, part of the 
pharynx, eontains openings for the right and left 
eustachian tubes. The nasal eavity eontains eilia 
that fìlter dust and foreign partieles from inspired 
air; the mucosa of the nasal eavity warms and 
moistens inspired air; and branehes of the 
olfaetory nerve (responsible for the sense of smell) 
penetrate the upper nasal eavity and lead to the 
brain. 

2. Correct answer: b. The glottis is the spaee between 
the voeal eords. The Adam’s apple—also ealled the 
thyroid eartilage—is the largest pieee of eartilage 
forming the traehea and has no role in swallowing. 
Conchae are bones in the lateral walls of the nasal 
eavity. 

3. Correct answer: a. Traeheal eartilage is C-shaped 
(with the opening in the posterior region), which 
allows the esophagus to expand during swallowing, 
but the two structures are not attaehed to eaeh 
other. The primary purpose of the eartilage is not 
for proteetion. 

4. Correct answer: b. The right bronchus is slightly 
wider and more vertieal than the left, making it 
the most likely loeation for aspirated (inhaled) 
food partieles and small objeets to lodge. 

5. Correct answer: d. Surfactant is a substance that 
helps reduce surface tension (the foree of 
attraetion between water molecules) to keep the 
alveolus from eollapsing as air moves in and out 
during respiration. It does not faeilitate the 
diffìision of oxygen. Hemoglobin is the primary 
transporter of oxygen in the bloodstream. 
Surfactant has no role in the purifìcation of the air 
in the respiratory traet. 

6. Correct answer: a. The fluid in the pleural eavity 
lubricates the pleural surfaces, allowing the two 
surfaces to glide painlessly against eaeh other as 
the lungs expand and eontraet. It also it ereates a 
pressure gradient that assists in lung inflation. 
None of the other answers is eorreet. 

7. Correct answer: e. The internal and external 
intereostal muscles are used in the respiratory 
proeess; however, the diaphragm is the main 
muscle responsible for pulmonary ventilation. The 
abdominal muscles are aeeessory—not primary— 
muscles of respiration. 

8. Correct answer: b. Carbon dioxide, not oxygen, is 
the primary regulator of respiration. Nitrogen is a 
major eomponent of the atmosphere, but it is not 
involved in respiration. Carbon dioxide is 
transported through the bloodstream in the form 
of biearbonate, but biearbonate does not have a 
role in respiration. 

9. Correct answer: b. Air flows from an area of higher 
to lower pressure; therefore, air flows out of the 
lungs when pressure in the lungs is higher than 
atmospherie pressure. A pneumothorax results 
when air accumulates in the pleural spaee. Asthma 
is a eondition in which bronehioles spasm and 
eonstriet, causing respiratory distress. 

10. Correct answer: e. Carbaminohemoglobin and 
biearbonate are two forms used to transport 
earbon dioxide. Only 1.5% of the oxygen entering 
the body is dissolved in plasma; 98.5% travels 
through the circulatory system in the form of 
oxyhemoglobin. 


1. Which of the following is a 
function of the nasopharynx? 

a. Filter dust 

b. Warm and moisten inspired air 
e. Provide openings for the right 

and left eustachian tubes 

d. Contain olfaetory reeeptors 
responsible for the sense of 
smell 

2. Which structure is responsible 
for direeting food and liquids 
into the esophagus during 
swallowing? 

a. Glottis 

b. Epiglottis 

e. Adam’s apple 

d. Conchae 

3. What purpose do the cartilaginous 
rings around the traehea serve? 

a. Keep the traehea from 
eollapsing during inhalation 

b. Attaeh the traehea fìrmly to 
the esophagus 

e. Proteet the traehea from 
trauma 

d. They serve no purpose 

4. Inhaled food or foreign objeets 
are most likely to lodge in which 
part of the respiratory system? 

a. Pharynx 

b. Right bronchus 

e. Left bronchus 

d. Bronehioles 

5. What is the purpose of 
surfactant? 

a. Faeilitate in the diffusion of 
oxygen aeross the respiratory 
membrane 

b. Transport oxygen to the alveoli 

e. Purify the air entering the 
respiratory traet 

d. Keep alveoli from eollapsing 


6 . What is one of the purposes of 
the fluid in the pleural eavity? 

a. Lubricate the pleural surfaces 
to allow them to glide 
painlessly during lung 
expansion and eontraetion 

b. Warm and moisten lung tissue 
e. Prevent baeteria from entering 

lung tissue 

d. Assist in the diffhsion of 
oxygen aeross the respiratory 
membrane 

7. The main muscle responsible for 
pulmonary ventilation is: 

a. the abdominals. 

b. the external intereostals. 

e. the diaphragm. 

d. the internal intereostals. 

8 . Which gas is the primary regulator 
of respiration? 

a. Oxygen 

b. Carbon dioxide 

e. Nitrogen 

d. Biearbonate 

9. When pressure in the lungs drops 
lower than atmospherie pressure, 
what occurs? 

a. Air flows out of the lungs. 

b. Air flows into the lungs. 

e. A pneumothorax forms, 
eollapsing the lungs. 

d. The bronehioles eonstriet, 
causing respiratory distress. 

10. The primary way oxygen is 
transported in the blood is: 

a. in the form of biearbonate. 

b. in the form of 
earbaminohemoglobin. 

e. in the form of oxyhemoglobin. 
d. dissolved in plasma. 


Go to http://davisplus.fadavis.com Keyvvord: 
gj DaVÌSjr l'H&' Thompson to see all ofthe resources available 
^ with this ehapter. 
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CHAPTER OUTLINE 

Overview of the Llrinary System 
The Kidneys 
llrine Formation 
Composition of Llrine 
Storage and Elimination of Llrine 


LEARNING OUTCOMES 

1. Identify the loeation ofthe kidneys. 

2. Name the internal and external structures of 
the kidneys. 

3. Traee the flow of blood through the kidney. 

4. Deseribe the nerve supply to the kidney. 

5. Traee the flow of fluid through the renal 
tubule. 

6. Deseribe the proeesses that occur in eaeh 
seetion of the renal tubule. 

7. Discuss the meehanisms that drive glomemlar 
filtration. 

8. Identify the meehanisms used by the kidneys 
to ensure a steady glomerular filtration rate. 

9. Deseribe the steps in the 
renin-angiotensin-aldosterone system. 

10. Discuss the tubular reabsorption and seeretion 
that occurs in the different parts of the renal 
tubule. 

11. Name the hormones that affeet the urinary 
system and identify their aetions. 

12. Deseribe the eharaeteristies and eomponents 
of urine. 

13. Identify the structure and function of the 
ureters 7 urinary bladder, and urethra. 

14. Deseribe how the structure of the urethra 
varies between males and females. 

15. Explain the proeess of urination. 
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Every hour, the kidneys filter up to 12pints (5.7 liters) offluid 
from the blood. 

Throughout the body, eells continually perform a variety of metabolie proeesses. Eaeh of these proeesses produces waste as a 
by-product. Cleansing the blood of these toxic substances is the job of the kidneys—the prineipal organs of the urinary 
system. As blood fìlters through the kidneys, these mighty organs remove potential poisons, adjust the water eontent of 
blood, tweak the levels of sodium and potassium, and adjust the pH level. What’s more, the kidneys also play a role in the 
regulation of blood pressure and the production of red blood eells. 


Overvievv 


Urinary System 



The urinary system eonsists of the kidneys, ureters, urinary bladder, and urethra. 


Kidney 


Llreter 


llrinary bladder 


llrethra 



Diaphragm 
Adrenal gland 

Renal artery 
Renal vein 

Aorta 

Inferior vena eava 




The Body AT WORK 

The proeess ofeliminating 
vvastes from the body is ealled 
excretion. Fourorgan systems 
perform excretory proeesses: 





• The respiratory system 
excretes earbon dioxide and 
vva ter. 

• Theìntegamentary system 
excretes vvater, eleetrolytes, 
laetie aeid, and urea through 
s vvea t. 

• The digestive system excretes 
vvater, earbon dioxide, lipids, 
bile pigments, and other 
metabolie vvastes. 

• The arinary system excretes 
metabolie vvastes, drugs, 
hormones, salts, and vvater. 
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The Kidneys 


The kidneys lie against the posterior abdominal wall and underneath the 12th rib. They are also retroperitoneal, meaning 
that they are posterior to the parietal peritoneum. The ribs offer some proteetion to the kidneys, as does a heavy cushion of 
fat eneasing eaeh organ. 


11 th rib 
12th rib 


FAST FACT 


The right kidney sits 
lower than the left 
because of the spaee 
occupied by the liver just 
above it. 



Eaeh kidney measures about 4 inehes (10 
em) long, 2 inehes (5 em) wide, and 1 ineh 
(2.5 em) thiek; they extend from the level of 
theTI 2 vertebra to the L3 vertebra. 


Structures (such as blood vessels, the ureters, 
and nerves) enter and leave the kidney 
through a slit ealled the hilum —loeated in a 
eoneave noteh on the medial side. 



t 


A tough, fibrous capsule surrounds eaeh kidney. The interior of the kidney 
eonsists of two regions: the renal cortex (the site of urine production) and the 
renal medulla (the site of urine eolleetion). 


The renal cortexforms the outer region of the kidney. 


The renal medulla forms the inner region. 


Extensions from the renal cortex, ealled renal columns, 
divide the interior region into eone-shaped seetions. 


The eone-shaped seetions are ealled renal pyramìds. 
Consisting of tubules for transporting urine away from 
the cortex, the base of eaeh pyramid faees outward 
toward the cortex.The point of the pyramid, ealled the 
renal papilla, faees the hilum. 


The renal papilla extends into a cup ealled a mínor 
calyx.The calyx eolleets urine leaving the papilla. 


Two orthree minor ealyees join togethertoform a 

major calyx. 


The major ealyees eonverge to form the renal pelvís, 
which reeeives urine from the major ealyees.The renal 
pelvis continues as the ureter, a tube-like structure that 
ehannels urine to the urinary bladder. 


Fibrous capsule 


Renal 

papilla 



Hilum 


Llreter 

































Nephrons —the fìltration units of the kidney—primarily lie in 
the kidney’s outer region; loops from the nephrons, however, dip 
into the inner region of the medulla. Eaeh nephron is well 
supplied with blood. 


Blood eventually leaves the kidney through the renal vein, 
vvhieh empties into the inferior vena eava. 


Nephron 


Renal Circulation 


The renal artery —vvhieh branehes off the abdominal aorta 
brings blood to the kidney. 


As it enters the kidney, the renal artery divides, branehing into 
smaller and smaller arteries.The arteries pass through the 
renal columns and extend into the renal cortex. 


FAST FACT 


Over 20% of all the 
blood pumped by the 
heart eaeh minute goes 
to the kidneys. 



In the cortex, a series of afferent 
arterioles arise from the smaller 


arteries. Eaeh afferent arteriole 
supplies blood to one nephron. 


Eaeh afferent arteriole branehes 
into a cluster of eapillaries 
ealled a glomerulus.The glomerulus 
is enelosed by Bovvman's capsule, 
vvhieh vvill be discussed later in this 
ehapter. 


Blood leaves the glomerulus 
through an efferent arteriole. 


The efferent arteriole leads to a 
netvvork of eapillaries around 
the renal tubules ealled peritubular 
eapillaries.These eapillaries piek up 
vvater and solutes reabsorbed by the 
renal tubules. 


Blood flovvs from the 
peritubular eapillaries into larger 
and larger veins that eventually feed 
into the renal vein. 


Medu a 


Loop of Henle 


Proximal 

convoluted 

tubule 

Distal 

convoluted 

tubule 


Collecting 

duct 
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Renal Innervation 

Along with blood vessels, nerves also enter the kidney at the hilum. These mainly sympathetie fìbers stimulate the afferent 
and efferent arterioles, eontrolling the diameter of the vessels, which, in turn, regulate the rate of urine formation. Also, if 
blood pressure drops, the nerves stimulate the release of renin, an enzyme that triggers proeesses for restoring blood pressure 

Nephron 

The outer regions of the kidney are paeked with over 1 million nephrons: the mieroseopie fìmetional units of the kidney. 
These tiny structures eonsist of two main eomponents: a renal eorpnsele —which filters blood plasma—and a renal tubule — 
where urine is formed. 


Renal Corpuscle 

Known as the beginning of the nephron, a renal corpuscle eonsists of a glomerulus and Bowman’s capsule 

Bowman's capsule—also ealled a glomerular capsule—eonsists of 
two layers of epithelial eells that envelop the glomerulus in an 
open-ended eovering. (To understand the structure of a renal 
corpuscle, imagine pushing your fist into an inflated balloon. Your 
fist represents the glomerulus.The balloon, which folds around 
yourfist in two layers, represents Bowman's capsule.) 


Fluid filters out of the glomerulus and eolleets in the spaee 
between the two layers of Bowman's capsule. From there, it flows 
into the proximal renal tubule on the other side of the capsule. 



Renal Tubule 

Leading away from the glomerulus are a series of tube-like structures that, eolleetively, are ealled the renal tubule. The renal 
tubule ean be divided into four regions: the proximal convoluted tubule, nephron loop, distal convoluted tubule, and 
eolleeting duct. The renal tubule has been stretehed out in the following figure to more elearly show the different regions. 

After returning to the cortex, the 


Afferent 

arteriole 


Renal 

corpuscle 



Efferent 

arteriole 
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Blood flow 



Arising direetly from Bowman's capsule is the proximal 
eonvoliited tubule: a winding, convoluted portion of the 
renal tubule.Thousands of mierovilli that allow absorption to 
occur line the inside of the proximal convoluted tubule. 



The renal tubule straightens out and dips into the 
medulla before turning sharply and returning to the 
cortex.This entire segment—which eonsists of a deseending 
limb and an aseending limb —is ealled the loop of Henle. 




FACT 


The renal corpuscle of all nephrons resides in the 
renal cortex. The loop of Henle dips into the renal 
medulla; some dip in only slightly whereas others 
extend deep into the medulla. 



aseending limb eoils again, 
forming the distal convoluted tubule. 
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The eolleeting duct 

reeeives drainage 
from the distal convoluted 
tubules of several different 
nephrons.The eolleeting 
duct passes into a renal 
pyramid, where it merges 
with other eolleeting ducts 
to form one tube.That 
tube opens at a renal 
papilla into a minor calyx. 


















































Llrine Formation 


The ereation of urine by the nephrons involves three proeesses: glomemlar filtration, tubular reabsorption, and tubular 


seeretion. 


Glomerular Filtration 

The fìrst step in the ereation of urine from blood plasma occurs in the glomerulus as water and small solutes filter out of the 
blood and into the surrounding spaee of Bowman’s capsule. Filtration in the glomerulus occurs for the same reason fìltration 
occurs in other blood eapillaries: the existence of a pressure gradient. 


ANIMATION0 



Blood flows into the glomemliis 
through the afferent arteriole, which is 
much largerthan the efferent arteriole. 
Consequently, blood flows in fasterthan it 
ean leave, which contributes to higher 
pressure within the glomerular eapillaries. 



Plasma 
protein 


Afferent 

arteriole 

Efferent 

arteriole 



The walls of glomerular eapillaries are dotted 
with pores, allowing water and small solutes 
(such as eleetrolytes, glucose, amino aeids, 
vitamins, and nitrogenous wastes) to filter out of 
the blood and into Bowman's capsule. Blood eells 
and most plasma proteins, however, are too large 
to pass through the pores. 


Filtrate 




FAST FACT 




The fluid that has filtered into Bowman's capsule 
flows into the renal tubules.The amount of fluid 
filtered by both kidneys—ealled the glomemlar 
fìltration rate (GFR) —equals about 180 liters eaeh 
day, which is 60 times more than the body's total 
blood volume.The body reabsorbs about 99% of this 
filtrate, leaving 1 to 2 liters to be excreted as urine. 


Most of the calcium, iron, and 
thyroid hormone in the blood is 
bound to plasma proteins, which 
prevents these solutes from being 
filtered out of the blood in the 
glomerulus. 



Q 




The Body AT WORK 

Some kidneydiseases damage the endothelium 
ofglomemlar eapillaries, allovving plasma 
proteins to filter out into the urine. The presenee of 
protein in the urine—typieallyan abnormal 
finding—is ealled proteiniiria. Proteinuria may 
also occur follovving intense physieal exercise. In 
this instanee, researehers think the proteinuria 
may result because hormones released daring 
exercise temporarily alter the permeability ofthe 
filtration membrane. 


Life lesson: 
Hypertension and 
kidney damage 

A eommon cause of kidney damage and kidney 
failure is uncontrolled hypertension. Systemie 
hypertension pushes the normally high glomemlar 
pressure even higher. As a result, the glomemlar 
eapillaries ean burst, causing searring. 
Hypertension also causes atheroselerosis in blood 
vessels throughout the body, including those in 
the kidneys. This deereases blood flow to the 
kidneys, leading to further damage. 





















Regalation ofthe Glomemlar Filtration Rate 

For the body to maintain fluid and eleetrolyte balanee, glomemlar filtration should continue at a fairly eonstant rate despite 
periodie ehanges in blood pressure. If the flow rate is too high, the body will lose excessive amounts of water and nutrients; 
if it’s too slow, the tubules may reabsorb toxins that should be excreted. 

The kidneys employ various meehanisms to eontrol blood flow and ensure a steady glomerular flltration rate. For 
example, rising blood pressure stirmilates the afferent arterioles to eontraet, preventing a surge of blood into the glomerulus. 
(The opposite is also true: falling blood pressure causes the afferent arterioles to relax.) In addition, speeialized eells in the 
distal convoluted tubule monitor the flow rate and eomposition of filtrate, allowing the renal tubules to make adjustments 
to alter flow as needed. 

Finally, a key meehanism for maintaining blood pressure and, therefore, a steady glomemlar fìltration rate, is the 
renin-angiotensin-aldosterone system. The ehain of events that occur in this system is outlined below. (See the seetion 
“Hormones Affeeting the LJrinary System” for more information on aldosterone.) 

ANIMATION0 
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A drop in BP leads to deereased 
blood flow to the kidneys. 
Speeialized cellsfound primarily 
in the afferent arterioles—ealled 

juxtaglomerular eells —respond 
by releasing the enzyme renin. 



Renin eonverts the inaetive 
plasma protein angiotensinogen 
(made in the liver) into 

angiotensin I. 



Angiotensin I circulates tothe 
lungs, where angiotensin- 
eonverting enzyme (ACE) 

eonverts it into angiotensin II. 


4 






Angiotensin II stimulates the 
adrenal glands to seerete 

aldosterone. 



Aldosterone causes the distal 
convoluted tubule to retain 
sodium, which leads to inereased 
retention of water. Blood volume 
inereases and blood pressure rises. 



During circulatory shoek, the sympathetie 
nervous system eonstriets the afferent arterioles 
to divert blood from the kidneys to the heart 
and brain. In this situation, the glomemlar 
filtration rate may slow to only a few milliliters 
per minute. 
























































Tubular Reabsorption and Seeretion 

After the fìltrate leaves the glomerulus, it enters the renal tubules. Here, additional ehemieals are removed from the fìltrate 
and returned to the blood (tubular reabsorption) while other ehemieals are added (tubular seeretion). Most of the water, 
eleetrolytes, and nutrients are reabsorbed in the proximal convoluted tubules by aetive and passive transport. 


1 Sodium moves by aetive transport out of the proximal 
convoluted tubule and into the bloodstream of the 
peritubular eapillaries. Water follows sodium, diffusing rapidly 
from the tubular fluid into the blood. Glucose, amino aeids, 
ehloride, potassium, and biearbonate follow suit, passing out of 
the tubules and into the blood. About half of the nitrogenous 
waste urea is also reabsorbed. 

Simultaneously, wastes such as ammonia (NH 3 ) and uric aeid, as 
well as drugs (such as aspirin and penieillin), are seereted out of 
the blood and into the tubules.Tubular seeretion of hydrogen 
ions also occurs, helping to regulate the body's pH. 


ANIMATION0 


4 The distal convoluted tubule and eolleeting ducts 

reabsorb variable amounts of water and salts. Speeialized 
eells within this part of the nephron play a role in aeid-base 
balanee, reabsorbing potassium and seereting hydrogen into 
the tubule. Several different hormones help regulate 
reabsorption by the eells in the distal convoluted tubule. 
(These hormones are discussed in the next seetion/'Hormones 
Affeeting the Llrinary System") 
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Drugs 


Water diffuses out of the deseending 
limb of the loop of Henle, further 
eoneentrating the filtrate. 
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The Body AT WORK 

An average urine output ranges from 720 to 
2400 ml daily. Hovvever, thatamountvaries vvith 
fluid intake. Drinking a large volume offluid causes 
urine output to inerease. Converseiy, restrieting fluid 
intake leads to a diminished urine output. Other 
eommon causes ofa diminished urine output 
include excessive perspiration or a diet high in 
sodium (vvhieh causes the body to retain vvater). 





Sodium 

and 


ehloride are 
aetively 

NaCI pumpedoutof 

the aseending 
limb of the 
loop of Henle 
into interstitial 
fluid before 
passing into 
surrounding 
eapillaries.The 
thieker wall of 
the aseending 
limb prevents 
water from 
following the 
sodium out of 
thetubule. 







The eolleeting 
duct reabsorbs 


water and eoneentrates 
thefiltrate, resulting in 


urine. 



FAST FACT 


Glucose is one of the body s most 
valuable nutrients; consequently, 
the tubules normally reabsorb all 
glucose so that none remains in 
the urine. 































Hormones Ajfeeting the Lfrinary System 

Several different hormones aet on the distal convoluted tubule and eolleeting duct to help regulate the amount of water, salt, 
and even calcium absorbed by this part of the nephron. 



Hormone 

Aetions 

Effeets on Kidney 

Effeets on Blood 
Volume and Pressure 

Aldosterone 

When blood levels of Na + fall, or when the 
eoneentration of K + rises, the adrenal cortex seeretes 
aldosterone. Called the"salt-retaining hormone," 
aldosterone prompts the distal convoluted tubule to 
absorb more Na + and seerete more K + .Waterand 

Cl _ naturally follow Na + , with the end result being 
thatthe body retains NaCI and water. Blood volume 
inereases, causing blood pressure (BP) to rise. 

Reabsorbs NaCI and H 2 0 
Excretes K + 

Blood volume 

'h BP 

Atrial natriuretic 
peptide (ANP) 

When blood pressure rises, the atria of the heart 
seerete ANP, which, in turn, inhibits the seeretion of 
aldosterone and antidiuretic hormone. As a result, 
the distal convoluted tubule excretes more NaCI 
and water, thereby reducing blood volume and 
pressure. 

Excretes NaCI and H 2 0 

Blood volume 

■4, BP 

Antidiuretic 
hormone (ADH) 

Seereted by the posterior pituitary gland 
(neurohypophysis), ADH causes the eells of the 
eolleeting duct to beeome more permeable to 
water. Waterflows out ofthe tubule and into 
eapillaries, causing urine volume to fall and blood 
volume to inerease. 

Reabsorbs H 2 0 

Blood volume 

'h BP 

Parathyroid 
hormone (PTH) 

Seereted by the parathyroid glands in response to 
low blood calcium levels, PTH prompts the renal 
tubules to reabsorb more calcium and excrete 
more phosphate. (If the blood were to retain its 
phosphate levels, the reabsorbed calcium would 
be deposited in the bone ratherthan remain in 
circulation.) 

Reabsorbs calcium 

Excretes phosphate 

No effeet on blood 
volume or pressure 


Life lesson: Dinreties 

Drugs ealled diuretics are frequently administered to 
inerease urine volume. inereased urine volume leads 
to deereased blood volume and blood pressure, 
making diuretics useful in the treatment of 
hypertension and eongestive heart failure. 

Many diuretics work by bloeking tubular 
reabsorption of sodium, which also bloeks the 
reabsorption of water. Other drugs, such as eaffeine, 
promote diuresis by dilating the afferent arteriole, 
which inereases glomemlar filtration rate. 



That Makes Sense 

The term diuresis meons the possoge oflorge omounts 
ofurine. The nome ant\-diuretic meons against diuresis. 
Therefore, ontidiuretic hormone (ADH) prevents the 
possoge oflorge omounts ofurine. 












Urine eonsists of 95% water and 5% dissolved substances. The dissolved substances include nitrogenous wastes—such as 
urea, uric aeid, ammonia, and ereatinine—as well as other solutes, such as sodium, potassium, and sulfates. 

The eomponents of urine reveal a great deal about the health of the kidneys as well as other organs of the body. That’s 
why a urinalysis (an examination of the eharaeteristies of urine) is one of the most frequently preseribed medieal tests. 

The following table lists the normal eharaeteristies of urine along with the possible implieations of some eommon 
abnormalities. Note: Glucose, blood, free hemoglobin, albumin, ketones, and bile pigments are not normally found in urine; 
their presenee indieates a disease proeess. 


Possible Abnormalities 

• Darker urine usually results from poor hydration. 

• Cloudy urine may result from baeteria, indieating an infeetion. 




Characteristic 

Color 


Normal Finding 

Transparent pale yellow 
to amber 


Odor 


Mild • A pungent smell (such as in a stale diaper) results when urine is 

allowed to stand: baeteria multiplies and eonverts urea into 
ammonia. 

• A sweet, fruity odor (aeetone) often occurs in diabetes. 

• A rotten odor may indieate a urinary traet infeetion. 


Speeifie gravity (indieates the amount of 1.001 -1.035 • A high speeifie gravity could result from dehydration (refleeting a 

solid matter in a liquid) low volume of water in relation to the amount of solids). 




Comparing the amount of ereatinine in the urine 
against the level of ereatinine in the blood refleets 
the GFR; in turn, this refleets kidney function. A 
high serum ereatinine indieates a low GFR and poor 
kidney fimetion. 



Urines yellow eolor results from the pigment 
urochrome, a by-product of the breakdown of 
hemoglobin in worn-out red blood eells. 




The Body AT WORK 

Most adults produce 1 to 2 liters ofurine a day. A 
urine output ofless than 400 ml/day (ealled 
oliguria) is insufficientforclearing vvaste products 
from the body. 

Some diseases, particularly diabetes mellitus, 
cause urine output to inerease signifieantly. In this 
instanee, high levels ofglucose oppose the 
reabsorption ofvvater, causing more vvater to pass 
through the kidneys and exit the body as urine. 
Another disorder thatproduces large volumes of 
urine is diabetes insipidus. This disorder results 
from hyposeeretion ofADH. Withoutan adequate 
supply ofADH, the eolleeting duct doesn't reabsorb 
much vvaterand large volumes ofvvaterpass outof 
thebodyas urine. 



































Elimination of Llrine 


The remaining structures of the urinary system are the ureters, urinary bladder, and urethra. The ureters and urethra 


< 



serve as passageways for conducting urine away from the kidneys and out of the body while the bladder stores urine until 
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it ean be eliminated. 
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LJreters 


Connecting the renal pelvis of eaeh kidney with the bladder 


n> 
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o 
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are slender, muscular tubes ealled ureters. Eaeh ureter 


measures about 25 em (9.8 inehes) in length and has a very 







narrow diameter. Peristaltie waves help propel urine from the 


renal pelvis toward the bladder. 







T FACT 


Because the ureter is so narrow, kidney stones ean 


easily beeome lodged and obstmet the flow of urine 


Llrinary Bladder 


A eollapsible muscular sae, the urinary bladder sits behind the 


symphysis pubis and below the peritoneal membrane. In 


women, it resides in front of the vagina and uterus; in men, it 


rests on top of the prostate gland. 
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Bladder 


Llrethra 


The wall of the bladder, ealled the detmsor muscle, eonsists of 


three layers of smooth muscle. 


Mucous transitional epithelium lines the bladder. When the 


bladder is relaxed, this layer of tissue forms folds ealled rugae. 


As urine fills the bladder, the rugae flatten and the epithelium 


thins, allowing the bladder to expand. (Considered moderately 


full when it eontains 500 ml of urine, the bladder has a 


maximum eapaeity of about 800 ml.) 


The floor of the bladder has three openings: two from the 


ureters (which pass behind the bladder to enter from below) 


and one from the urethra.Together they form a triangular- 


shaped, smooth area on the floor of the bladder ealled the 


trigone. infeetions eommonly attaekthis area of the bladder. 



At the point where the urethra leaves the bladder, a ring of 
smooth muscle forms the internal urethral sphineter.This 
sphineter eontraets involuntarily to retain urine in the bladder. 



A seeond sphineter, ealled the external urinary sphineter, 
exists where the urethra passes through the pelvie floor.This 
sphineter eonsists of skeletal muscle and is, therefore, under 
voluntary eontrol. 



The urethra is a small tube that eonveys urine away from the 
bladder and out of the body.The opening of the urethra 
leading to the outside of the body is ealled the external 
urinary meatus. 
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llrethra 

The structure of the tirethra varies between males and females. 



Llrethra Vagina 


Bladder 



Female urethra 


Male urethra 


ln women, the urethra is 3 em (1.2 inehes) long and exits the body 
just in front of the vaginal orifiee. 



ACT 



Females are particularly prone to urinary traet 
infeetions because baeteria such as Eseheriehia eoli 
(found in the lower digestive traet) ean easily 
migrate up the short urethra and infeet the bladder 


ln males, the urethra is much longer, measuring about 20 em 
(7.9 inehes). From the bladder, the urethra passes through the 
eenter of the prostate gland, curves around to enter the penis, and 
then exits the body at the tip of the penis. In men, the urethra 
performs a dual role. Besides eonveying urine, it also eonveys 
semen. (For more information on the male reproductive system, see 
Chapter 23, Reproductive Systems.) 


Life lesson: Kidney stones 

Kidney stones, or renal calculi, result when minerals (such as 
calcium, phosphate, uric aeid, or protein) erystallize in the renal 
pelvis. Many times these calculi are small enough to travel through 
the urinary traet and out of the body unnoticed. Sometimes, though, 
the stones beeome large enough to bloekthe renal pelvis or ureter. 
When this occurs, excruciating pain results as the ureter eontraets 
violently as it attempts to dislodge the stone. If the stone remains 
lodged, urine may baek up to the kidney, resulting in hydronephrosis. 

Doetors often treat renal calculi with a technique ealled 
lithotripsy. This technique uses ultrasound to disintegrate the stone 
into partieles small enough to pass through the urinary traet. 
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When the bladder eontains 200 ml or 
more of iirine, streteh reeeptors in the 
bladder wall send impulses to the saeral 
region of the spinal eord. 


If the time to urinate is not appropriate, 


the brain sends impulses to inhibit 
urination and to keep the external urinary 
sphineter eontraeted. If the time to urinate 
is appropriate, the brain sends signals to 
the bladder wall to eontraet and to the 
external urethral sphineterto relax, at 
which point voluntary urination occurs. 


Life lesson: Renal instiffieieney and dialysis 

Renal irisufficiency (also ealled renal failure) results when an extensive number of nephrons have been destroyed 
through disease or injury, impairing the ability of the kidneys to function. Loss of function may occur suddenly—as in 
acute renal failure —or over time—as in ehronie renalinsufficiency. 

In acute renal failure, the kidneys often stop functioning as the result of an infeetion, drugs, or an injury. After the 
cause of the renal failure is treated, kidney function may return to normal. 

In eontrast, ehronie renal insufficiency develops over years, perhaps even deeades. Typieally, a disease (such as 
diabetes, hypertension, glomerulonephritis, or an autoimmune disorder) gradually destroys the nephrons. Eventually, 
damage beeomes so extensive that the kidneys ean no longer effeetively elear blood plasma of waste. In this instanee, 
the damage is irreversible. A variety of symptoms develop as wastes accumulate in the blood, making a kidney 
transplant or dialysis neeessary. 

There are two forms of dialysis: hemodialysis and peritoneal dialysis. In hemodialysis, blood is pumped from the 
patient's radial artery to a dialysis maehine (which is sometimes ealled an artifieial kidney). In the maehine, the blood 
flows through a series of semi-permeable tubes immersed in dialysis fluid. Waste products such as urea, potassium, 
and ereatinine, as well as excess water, diffuse out of the blood and into the dialysis fluid.The dialysis fluid is then 
disearded. 

In peritonealdialysis, the peritoneum serves as the semi-permeable membrane. In this procedure, dialysis fluid is 
introduced into the peritoneal eavity through a eatheter. The fluid is left in the body eavity for a few minutes to an 
hour, during which time waste products diffuse out of the blood and into the dialysate. At the end of the speeified 
time, the fluid is drained and disearded. 
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llrination 

Also ealled micturition or voiding, urination begins when the external sphineter muscle of the bladder voluntarily relaxes 
and the detmsor muscle of the bladder eontraets. The entire proeess involves several steps requiring input from the eentral 
nervous system. 


ANIMATION @ 


The brain has the ability to override the 
impulse to void because the streteh 
reeeptors in the bladder also send 
impulses to the micturition eenter in the 
pons.The pons integrates information 
from the streteh reeeptors with information 
from other parts of the brain, such as the 
eerebmm, and evaluates whether the time 
is appropriate to urinate. 


The spinal eord then sends motor 
impulses to the bladder wall to eontraet 
and to the internal sphineter to relax. 
When this happens, voiding will occur 
involuntarily unless the brain overrides the 
impulse. 
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Aldosterone: Hormone that causes the 
distal convoluted tubule to retain 
sodium, which leads to the retention 
of water, resulting in inereased blood 
pressure 

Angiotensin: A plasma protein 
produced when renin is released from 
the kidney; angiotensin II stimulates 
the adrenal glands to seerete 
aldosterone 

Antidiiiretie hormone: Hormone that 
inhibits diuresis by stimulating the 
kidneys to eonserve water 

Bowman's capsule: Two layers of 
epithelial eells that envelop the 
glomerulus in an open-ended 
eovering; also ealled a glomemlar 
capsule 

Calyx: A cup-like structure that eolleets 
urine leaving the papilla of the kidney 

Collecting duct: Reeeives drainage 
from the distal convoluted tubules of 
several different nephrons; eventually 
drains into a minor calyx 

Detmsor muscle: Wall of the bladder 

Diuresis: The seeretion of large 
amounts of urine 


Glomerulus: Cluster of eapillaries that 
are part of the renal corpuscles in the 
nephrons 


Hilum: Concave noteh on medial side 
of kidney; where blood vessels, the 
ureters, and nerves enter and leave the 
kidney 


Loop of Henle: U-shaped portion of 
the renal tubule 


Micturition: Urination 


Nephrons: The filtration units of the 
kidney 


Peritubular eapillaries: Network of 
eapillaries surrounding the renal 
tubules 


Renal corpuscles: One of the main 
eomponents of nephrons, eonsisting 
of a glomerulus and Bowman’s 
capsule, that filters blood plasma 

Renal cortex: Outer region of the 
kidney; site of urine production 

Renal medulla: Inner region of the 
kidney; site of urine eolleetion 

Renal tubules: Series of tube-like 
structures within the nephron; where 
urine is formed 


Renin: Enzyme released by the kidneys 
in response to a drop in blood 
pressure that causes the eonversion of 
angiotensinogen into angiotensin I 

Speeifie gravity: Measurement that 
indieates the amount of solid matter 
in a liquid 

Tubular resorption: Proeess whereby 
ehemieals are removed from filtrate in 
the renal tubules and remrned to the 
blood 

Tubular seeretion: Proeess whereby 
ehemieals are added to the filtrate in 
the renal tubules 

Ureters: Muscular tubes eonneeting 
the renal pelvis of eaeh kidney with 
the bladder 

Urethra: Small mbe that eonveys urine 
away from the bladder and out of the 
body 

Urinary bladder: Collapsible muscular 
sae that stores urine 



To make the information in this ehapter part of your 
working memory, take some time to refleet on what you’ve 
learned. On a separate sheet of paper, write down 
everything you reeall from the ehapter. After you’re done, 
log on to the DavisT/z/j website, and eheek out the Study 
Group podeast and Study Group Questions for the ehapter. 

Key Topies for Chapter 18: 

• Loeation of the kidney 

• The internal and external structures of the kidney 

• Blood flow through the kidney 

• Nerve supply to the kidney 

• Structure and function of the nephron 


Stmemre and function of the renal tubule 
Proeess of glomerular flltration 
Regulation of the glomemlar filtration rate 
The renin-angiotensin-aldosterone system 
Tubular reabsorption and seeretion occurring in the 
different parts of the renal tubule 
Hormones affeeting the urinary system 
The eomposition of urine 

The structure and function of the ureters, urinary 
bladder, and urethra 
• The proeess of urination 


CHAPTER 18 Urinary System 






Test Your Knowledge 


Ansivers: Chapter 18 

1. Correct ansioer: d. The renal corpuscle eonsists of a 
glomerulus and Bowman’s capsule. The loop of 
Henle is the hairpin turn taken by the renal tubule 
between the proximal and distal convoluted 
tubule. The proximal convoluted tubule is a 
winding portion of the renal tubule arising from 
Bowman’s capsule. 

2 . Correct answer: b. The renal pelvis, formed by the 
eonvergenee of the major ealyees, ehannels urine 
out of the kidney. The calyx eolleets urine leaving 
the papilla. Renal pyramids are the eone-shaped 
seetions in the kidney. 

3. Correct answer: b. The renal corpuscle filters blood 
plasma. Bowman’s capsule is part of the renal 
corpuscle. An afferent arteriole supplies blood to a 
nephron. 

4. Correct answer: a. The distal convoluted tubule 
and eolleeting ducts reabsorb variable amounts of 
water and salt. In the glomerulus, water and small 
solutes fìlter out of the blood and into the 
surrounding spaee of Bowman’s capsule. 

5. Correct answer: e. The other substances are all 
normal constituents of urine. 

6. Correct answer: a. Atrial natriuretic peptide (ANP) 
causes the distal convoluted tubule to excrete more 
sodium and water, thereby reducing blood 
pressure. Antidiuretic hormone (ADH) causes the 
distal and eolleeting tubules to beeome more 
permeable to water. Parathyroid hormone (PTH) 
prompts the renal tubules to reabsorb more 
calcium and excrete more phosphate. 

7. Correct answer: e. None of the other answers is 
eorreet. 



1. The cluster of eapillaries in the 
nephron is the: 

a. renal corpuscle. 

b. loop of Henle. 

e. proximal convoluted tubule. 

d. glomerulus. 

2 . The loeation where blood vessels, 
nerves, and the ureter enter and 
leave the kidney is the: 

a. renal pelvis. 

b. hilum. 

e. calyx. 

d. renal pyramid. 

3. The portion of the nephron in 
eharge of making urine is the: 

a. renal corpuscle. 

b. renal tubule. 

e. Bowman’s capsule. 

d. afferent arteriole. 

4. Most sodium is reabsorbed from 
the glomerular fìltrate in the: 

a. proximal convoluted tubule. 

b. distal convoluted tubule. 

e. eolleeting duct. 
d. glomerulus. 

5. Which of the following 
substances should never be 
found in urine? 

a. Sodium 

b. Urea 


e. Glucose 

d. Potassium 

6 . The hormone aldosterone: 

a. causes the distal convoluted 
tubule to reabsorb more 
sodium, which leads to water 
retention and a rise in blood 
pressure. 

b. causes the distal convoluted 
tubule to excrete more sodium 
and water, thereby reducing 
blood pressure. 

e. causes the distal and eolleeting 
tubules to beeome more 
permeable to water. 

d. prompts the renal tubules to 
reabsorb more calcium and 
excrete more phosphate. 

7. Many diuretics work by bloeking 

tubular reabsorption of: 

a. water. 

b. glucose. 

e. sodium. 

d. potassium. 
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8. Correct ansiver: d. In women, the tirethra is much 
shorter than it is in men; therefore, baeteria from 
the nearby reetal area ean easily migrate up the 
short tube to the bladder. The other structures are 
similar in both men and women. 

9. Correct ansiver: e. None of the other answers is 
eorreet. 

10. Correct ansiver: d. Rugae are folds of tissue on the 
inside of the bladder. Papillae are the blunt points 
of the renal pyramids. The cortex is the outer zone 
of the kidney. 


8 . In women, the_ 

is shorter than it is in men, 
which contributes to the higher 
ineidenee of urinary traet 
infeetions in women. 

a. urinary sphineter 

b. loop of Henle 
e. ureter 

d. urethra 

9. Urination occurs when: 

a. the bladder and internal 
urethral sphineter relax. 

b. the bladder and external 
urethral sphineter eontraet. 


e. the bladder eontraets and the 
external urethral sphineter 
relaxes. 

d. the bladder relaxes and the 
external urethral sphineter 
eontraets. 

10. A triangular-shaped smooth area 
on the floor of the bladder is 
ealled the: 

a. rugae. 

b. papilla. 

e. cortex. 
d. trigone. 



j . Go to http://davisplus.fadavis.com Keyword: 

| L/3VÌS f ÌÀÀ& Thompson to see all ofthe resources available 

with this ehapter. 
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CHAPTER OLITLINE 

Water Balanee 
Eleetrolyte Balanee 
Aeid-Base Balanee 
Aeid-Base Imbalanees 


LEARNING OUTCOMES 

1. Name the major fluid eompartments. 

2. Explain howfluid movesfrom one 
eompartment to another. 

3. Identify the means by which the body 
normally gains and loses fluid. 

4. Deseribe the meehanisms for regulating intake 
and output. 

5. Differentiate between volume depletion and 
dehydration. 

6. Discuss the fluid shifts that occur in 
dehydration. 

7. Explain the physiologieal consequences of 
fluid excess. 

8. Explain how edema occurs. 

9. Identify the main eleetrolytes found in 
intracellular and extracellular fluid. 

10. Explain the roles of sodium in the body. 

11. Deseribe the meehanisms used by the body to 
regulate the levels of sodium. 

12. Identify eommon causes and consequences of 
sodium, potassiom, and calcium imbalanees. 

13. Define buffer. 

14. Explain how ehemieal buffers ean alter pH in 
the body. 

15. Explain how the respiratory system ean alter 
the pH in the body. 

16. Deseribe how the kidneys help eontrol pH. 

17. Pinpoint the timeframe during which eaeh 
buffer system responds. 

18. Identify the causes of respiratory aeidosis and 
alkalosis. 

19. Identify the causes of metabolie aeidosis and 
alkalosis. 

20. Deseribe how the lungs and kidneys 
eompensate for aeid-base imbalanees. 





Approximately two-thirds ofthe body—or about 50% to 70% 
ofan adult’s weight—eonsists ofwater. 


The body is awash in fluid: it surrounds eells, fìlls tissues, and, of course, is the main eomponent of blood and lymph. While this 
fluid is primarily water, it also eontains thousands of dissolved substances, such as eleetrolytes, that are used in the body’s 
bioehemieal reaetions. If the quantity of fluid, the eoneentration of eleetrolytes, or the pH strays outside preeise boundaries, 
life-threatening disorders may occur. In other words, homeostasis depends upon balanee —of water, eleetrolytes, and pH. 

Water Balanee 



The maintenanee of water balanee involves more than the total volume of fluid 
within the body. How that fluid is divided among the various fluid eompartments is 
also important. 

Fluid Compartments 

Most of the bodys water (about 65%) resides inside eells; this is ealled intracellular 
fluid (ICF) . The remaining 35% of the bodys water resides outside eells: this is 
ealled extracellular fluid (ECF) . Extracellular fluid includes the fluid between the 
eells inside tissue, ealled interstitial fluid, as well as the fluid within vessels as blood 
plasma and lymph. Various other extracellular fluids—such as eerebrospinal fluid, 
synovial fluid in the joints, vitreous and aqueous humors of the eye, and digestive 
seeretions—are ealled transcellular fluid. 


Extracellular fluid (35%) 




That Makes Sense 

To remember the nomes for the various body fluids, keep this 
in mind: theprefix intra- means"vvithin"(as in \ntiavenous 
fluids) vvhile the prefix extra- means "outside of" (as in 
extra curricularactivities). Therefore, intra cellularmeans 
"vvithin the eell," vvhile extra cellularmeans "outside ofthe eell. 

Furthermore, the prefix inter- means "betvveen." (For 
example, the vvord intereee/e means "to eome betvveen 
tvvo parties.") Therefore, inter stitial fluid refers to fluid 
betvveen eells. 


FAST FACT 


A mans body weight is about 55% to 60% 
water, while women average slightly less 
because of an inereased amount of body fat. 
(Adipose tissue eontains less water than muscle 
In faet, the weight of an obese person may be 
only 45% water.) In eontrast, the weight of a 
newborn infant is as much as 75% water. 
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The Body AT WORK 

Fluid doesn't remain ioeked vvithin a single eompartment. Rather, 
ICFand ECFcontinuallymingle, as the fluideasilypasses through 
the semipermeable membrane surrounding eaeh eompartment. 
The eoneentration ofsolutes (particularly eleetrolytes) vvithin eaeh 
eompartmentdetermines the amoantand direetion offlovv. For 
example: 

• iftheeoneentration of 
eleetrolytes (and therefore the 
osmolarity) oftissue fluid rises, 
vvater moves out ofthe eells 
and into the tissues. 




Osmolarity 


HoO 


Ifthe osmolarityoftissue fluid falls, vvatermoves outofthe 



Osmolarity 


tissues and into the eells. The 
passage offluid happens 
vvithin seeonds so as to 
maintain equilibrium. (The 
various eleetrolytes and their 
role in vvater balanee are discussed later in this ehapter.) 



HoO 



FAST FACT 


Water loss varies eonsiderably with 
environmental temperamre as well as 
physieal aetivity. For example, eold, dry 
air inereases respiratory loss while hot, 
humid air inereases the loss through 
perspiration. Also, heavy physieal exercise 
inereases fluid loss through perspiration. 




Balaneing Water Gain and Loss 

Normally, the amount of water gained and lost by the body through the course of a day is equal. 
Speeifìeally, an adult gains and loses about 2500 ml of fluid eaeh day. Most fluid intake occurs 
through eating and drinking; however, the eells themselves produce a fair amount of water as a 
by-product of metabolie reaetions. (This is ealled metabolie water.) Fluid is lost through the 
kidneys (as urine), the intestines (as feees), the skin (by sweat as well as difflision), and the lungs 
(through expired air). 
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Regulation of Intake and Output 

To keep the total volume of water in the body in balanee, the body uses meehanisms that 
adjust fluid intake as well as urine output. 





Various faetors, including excessive sweating, cause the 

volume of total body water to deeline. 


V _ 



y 

> 







Blood pressure drops, sodium eoneentration 

rises, and osmolarity inereases. 


V 



J 


f 



A 



Meehanisms to \ fluid intake 


v 


J 




Physieal ehanges stimulate 
the thirst eenter in the 


hypothalamus. 


Salivation deereases, causing a dry mouth 

and the sensation of thirst. 




Consumption of water 
leads to a rise in total 
water volume. 




Meehanisms to \ urine output 



Physieal ehanges stimulate 
the hypothalamus, which, in 
turn, stimulates the posterior 
pituitary to seerete antidiuretic 
hormone (ADH). 



ADH prompts the eolleeting ducts 
of the kidneys to reabsorb more water 
and produce less urine. 





The rate of fluid loss slows until water is ingested 



Elderly adults have a diminished sensation of thirst, 
plaeing them at risk for dehydration. 


The Body AT WORK 

When blood volume and pressure are too high, or 
blood osmolarity is too low, the hypothalamus 
inhibits the release ofADH. This causes the renal 
tubules to reabsorb less water f ieading to an 
inereased urine outputand a deeline in total 
body water. 
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Disorders of Water Balanee 


A water imbalanee ean result from an abnormality in any of the following: fluid volume, 
fluid eoneentration, or the distribution of fluid between eompartments. 

Fluid Defieieney 

A fluid defìeieney occurs when output exceeds intake over a period of time. There are two 
types of fluid defieieney: volume depletion (hypovolemia) and dehydration. 

Volume depletion results from blood loss or when both sodium and water are lost, such as 
from diarrhea. 

Dehydration results when the body eliminates more water than sodium. Not only is there 
a loss of fluid, the eoneentration of sodium (and the osmolarity) of the extracellular fluid 
(ECF) also rises. The inerease in osmolarity prompts the shifting of fluid from one 
eompartment to another in an effort to balanee the eoneentration of sodium. (See “Life 
Lesson: Dehydration” on this page.) Basieally, dehydration results from consuming an 
inadequate amount of water to eover the amount of water lost. Other causes include 
diabetes mellitus and the use of diuretics. 

When severe, fluid defieieney ean lead to circulatory eollapse (hypovolemie shoek) due 
to loss of blood volume. 





The Body AT WORK 

The fluid vvithin tissues—interstitial fluid —/s 
o readysource offluid to help maintain blood volume 
during the earlystages offluid loss. As tissue loses fluid', it 
also loses elastieity ; or turgor. A eommon test to evaluate 
hydration status involves lightly pinehing the skin on the 
baekofthe hand, lovverarm, orabdomen. When 
hydration is normal, the skin vvill spring baek to its normal 
shape vvhen released. During dehydration, the skin 
remains peaked, flattening slovvly. The persistenee of 
pinehed skin after release resembles a tent, vvhieh is vvhy 
this finding is ealled tenting. 


FAST FACT 


Infants are more prone to dehydration than 
adults are. Thats because their immarnre 
kidneys dont eoneentrate urine effeetively, 
they have a high metabolism that requires 
more water to flush out toxins, and they 
have a large surface area in relationship to 
their volume, meaning they lose more 
water to evaporation. 


Life lesson: Dehydration 

Dehydration affeets all fluid eompartments. For example, if you exercise strenuously on a hot day, you will 
lose a signifieant amount of water through sweat. The water in sweat eomes from the bloodstream. As 
water shifts out of the bloodstream, the osmolarity of the blood rises. To eompensate, fluid moves from 
the tissues into the bloodstream. The loss of fluid from the tissues causes the osmolarity of the fluid in this 
spaee to rise. If the imbalanee continues, fluid will shift out of the eells and into the tissues, resulting in a 
depletion of intracellular fluid. Consequently, dehydration affeets the bloodstream, tissues, and eells. 





















































































Fluid Excess 

The kidneys usually eompensate for excessive fluid intake by producing more urine; 
consequently, fluid excess occurs less eommonly than fluid defieit. However, when a fluid 
excess does occur, it ean be life-threatening. 

One cause of fluid excess is renal failure. (In this instanee, both sodium and water are 
retained, and the ECF remains isotonie.) Another type of fluid excess is ealled water 
intoxication. Water intoxication ean occur if someone consumes an excessive amount of 
water or if someone replaees heavy losses of water and sodium (such as from profuse 
sweating) with just water. When this occurs, the amount of sodium in the ECF drops. Water 
moves into the eells, causing them to swell. Possible eomplieations of either type of fluid 
excess include pulmonary or eerebral edema. 

Fluid Accumulation 

Another type of water imbalanee involves the accumulation of fluid within a body 
eompartment. For example, edema occurs when fluid accumulates in interstitial spaees, 
causing tissues to swell. Even though fluid ean accumulate in any organ or tissue in the 
body, it typieally affeets the lungs, brain, and dependent areas (such as the legs). A 
disturbance in any of the faetors regulating the movement of fluid between blood plasma 
and the interstitial eompartment—such as eleetrolyte imbalanees, inereased eapillary 
pressure, and deereased eoneentration of plasma proteins—ean trigger edema. 



Eleetrolytes are substances that break up into eleetrieally eharged partieles ealled ions when dissolved in water. For example, 
sodium ehloride (NaCl) breaks up into Na + , a eation earrying a positive eharge, and Cl _ , an anion earrying a negative 
eharge. A balanee of eleetrolytes is erneial for the body to function properly: eleetrolytes 


FAST FACT 



drive ehemieal reaetions, affeet distribution of the body’s water eontent, and determine a 
eell’s eleetrieal potential. 

The major eations of the body are sodium (Na + ), potassium (K + ), calcium (Ca 2+ ), and Although sodium (Na + ), 


hydrogen (H + ). The major anions are ehloride (C1 ), biearbonate (HC 03 ), and 
P h osphates (Pj). The following table shows the ehief eleetrolytes, their eoneentration in 
blood plasma, and the terms used to deseribe imbalanees. (Of the eleetrolytes listed, the 


potassium (K + ), calcium (Ca 2+ ) 
and ehloride (Cl“) are really 
ions, they are eommonly referred 


body ean tolerate broad variations in phosphate, making homeostasis of this substance not to as eleetrolytes. 
as erneial as that of sodium, potassium, calcium, and ehloride.) 


Eleetrolyte Concentrations 




Term for imbalanees 

Eleetrolyte 

Plasma Level 

Defieieney 

Excess 

Sodium (Na+) 

136 to 146 mEq/l 

Hyponatremia 

Hypernatremia 

Potassium (K+) 

3.6 to 5.0 mEq/l 

Hypokalemia 

Hyperkalemia 

Calcium (Ca 2 +) 

8.8 to 10.3 mEq/l 

Hypoealeemia 

Hyperealeemia 

Chloride (Cl _ ) 

96 to 106 mEq/l 

Hypoehloremia 

Hyperehloremia 

Phosphate (P0 4 3- ) 

2.4 to 4.1 mEq/l 

Hypophosphatemia 

Hyperphosphatemia 


Remember: Cations refer to ions with a positive 
eharge; anions refer to ions with a negative eharge. 



















Sodium 

Sodium is the main eleetrolyte in extracellular fluid, accounting for 90% of its osmolarity. 
Sodium not only determines the volume of total body water but also influences how body 
water is distributed between fluid eompartments. Furthermore, sodium plays a key role in 
depolarization, making it erneial for proper nerve and muscle function. 

Sodium levels are primarily regulated by aldosterone and ADH: aldosterone adjusts the 
excretion of sodium while ADH adjusts the excretion of water, as deseribed below. 





Serum Na + 


(water excess) 



Serum osmolarity 



y 

J 



Aldosterone prompts renal 
tubules to reabsorb Na + . 

(Water and Cl" passively follow 
Na + and are also reabsorbed.) 

_ / 




ADH release is suppressed, 
causing the kidneys to 
seerete more water. 

_ ) 



Reabsorption of Na + 
eombined with seeretion of 
water causes serum Na + 
levels to rise. 




L 



Serum Na + 


(water defieit) 




L 


L 


Serum osmolarity f 



ADH stimulates the kidneys 
to reabsorb water (which slows 
the rise in serum Na + ). 


H 2 0 


ADH stimulates thirst to 
promote the consumption 
of water. 


inereased renal absorption 
of water eombined with 
inereased water intake 
causes serum Na + levels 
to fall. 
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Serum osmolarity normalizes. 
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Soditim Imbalanees 

Imbalanees in sodium—the ehief eation in extracellular fluid—affeets total body water, the 
distribution of water between eompartments, and nerve and muscle function. 






Hypernatremia 

• Hypernatremia refers to a plasma sodium eoneentration 
greater than 146 mEq/l. 

• It usually indieates a water defieit (such as from a laek of 
fluid intake). 

• Other possible causes include an excessive loss of body 
water, such as from severe diarrhea or the use of eertain 
types of diuretics. 

• Hypernatremia usually self-eorreets because even a small 
rise in sodium triggers thirst. (An exception is elderly 
adults, who tend to have an impaired thirst meehanism.) 

• If uncorrected, hypernatremia ean cause edema, lethargy, 
and weakness. 


Hyponatremia 

• Hyponatremia refers to a plasma sodium eoneentration 

of less than 139 mEq/l. 

• It usually results from an excess of body water, such as 
when someone drinks only water to replaee heavy losses 
of sodium and water through perspiration. 

• Hyponatremia is usually eorreeted by excretion of excess 
water. 

• Uncorrected, hyponatremia ean result in pulmonary or 
eerebral edema as fluid moves into eells. 


Potassium 

Potassium is the ehief eation of intracellular fluid, just as sodium is the ehief 
eation of extracellular fluid. Potassium works hand-in-hand with sodium. For 
example, potassium is crucial for proper nerve and muscle function (which also 
depends upon adequate levels of sodium). Furthermore, aldosterone regulates 
serum levels of potassium, just as it does sodium. Rising potassium levels 
stimulate the adrenal cortex to seerete aldosterone; aldosterone causes the 
kidneys to excrete potassium as they reabsorb sodium. 

Potassinm imbalanees 

imbalanees in potassium—the ehief eleetrolyte of intracellular fluid—ean develop suddenly 
or over a long period of time. Either way, imbalanees ean cause life-threatening eardiae 
arrhythmias. 


FAST FACT 


Potassium imbalanees are the most 
dangerous of any eleetrolyte 
imbalanee: very high levels are 
eonsidered a medieal emergeney. 





Hyperkalemia 

• Hyperkalemia refers to a plasma eoneentration of K + 
above 3.0 mEq/l. 

• It may develop suddenly following a crush injury or 
severe burn (as damaged eells release large amounts of 
K + into the bloodstream). 

• It may also develop gradually from the use of potassium- 
sparing diuretics or renal insufficiency. 

• Hyperkalemia makes nerve and muscle eells irritable, 
leading to potentially fatal eardiae arrhythmias. 


Hypokalemia 

• Hypokalemia refers to a plasma eoneentration of K + 
less than 3.3 mEq/l. 

• It often results from prolonged use of potassium-wasting 
diuretics. 

• It may also result from ehronie vomiting or diarrhea. 

• Hypokalemia causes K + to move out of eells into 
plasma, making eells less excitable. 

• Hypokalemia results in muscle weakness, depressed 
reflexes, and eardiae arrhythmias. 
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Calcium 

Besides strengthening bones, calcium plays a key role in muscle eontraetion, nerve transmission, 
and blood elotting. Plasma calcium levels are regulated by parathyroid hormone, which affeets 
intestinal absorption of calcium and enhanees the release of calcium from bones. 

Calcium imbalanees 

Calcium is a eation that exists mostly outside the eell. 


ì Ca 2+ 




|Ca 2+ 




Hyperealeemia 

Hyperealeemia refers to a plasma eoneentration above 

5.8 mEq/l. 

It may result from hyperparathyroidism, hypothyroidism, 
or alkalosis. 

Hyperealeemia inhibits depolarization of nerve and 
muscles eells, leading to muscle weakness, depressed 
reflexes, and eardiae arrhythmia. 

Chloride and Phosphate 

Chloride, the most abundant extracellular anion, is strongly linked to sodium. As sodium is 
retained or excreted, so is ehloride. Therefore, ehloride balanee occurs along with sodium 
balanee. Chloride contributes to the formation of stomaeh aeid and also helps regulate fluid 
balanee and pH. Phosphate partieipates in earbohydrate metabolism, bone formation, and 


Hypoealeemia 

Hypoealeemia refers to a plasma eoneentration below 

4.5 mEq/l. 

It may result from hypoparathyroidism, hyperthyroidism, 
aeidosis, or diarrhea. 

Hypoealeemia inereases excitation of nerves and muscles, 
leading to muscle spasms and tetany. 


aeid-base balanee. 



Aeid-Base Balanee 



One of the most important faetors influencing homeostasis is the body’s balanee between aeids and bases. Even slight 
deviations in pH ean have profound, even fatal, consequences. Most enzymes used in the body’s metabolie reaetions are very 
sensitive to pH; the slightest ehange ean dramatieally slow, or even halt, metabolie aetivity. Eleetrolyte aetivity, too, ean be 
profoundly affeeted by ehanges in pH, as ean that of hormones. 


Aeids and Bases 


The pH of a solution is determined by its eoneentration of hydrogen (H + ) ions. 


An aeid is any ehemieal that releases H + in solution. 

• Strong aeids dissoeiate freely in solution, releasing most of their H + ions and ean, consequently, markedly lower the 
pH of a sohition. 

• Weak aeids release few H + ions in solution; consequently, they don’t affeet pH. 


+ 


A base is any ehemieal that aeeepts H 

• A strong base has a strong tendeney to bind H + , removing 
the H + out of a solution and raising the pH. 

• A weak base binds few of the available H ions and has less 
of an effeet on pH. 




(For further review of aeids, bases, and pH, see Chapter 2, 
ehemistry ofLife.) 



AST FACT 


As the eoneentration of H + ions inereases, the pH 
deereases and the solution beeomes more aeidie. 


The Body AT WORK 

The pH ofblood and tissue fluid ranges from 
7.35 to 7.45. Maintaining the pH vvithin this very 
narrovv range is no small feat. Not only do vve 
introdaee aeids into our bodies through food, 
the body's metabolie proeesses also eontinaally 
prodaee aeids. Forexample, anaerobie 
metabolism prodaees laetie aeid; the eatabolism 
ofnaeleie aeids prodaees phosphorie aeids; and 
the eatabolism offat prodaees fattyaeids and 
ketones. 







































Buffers 

The body employs various meehanisms, ealled buffers, to keep aeids and bases in balanee. 

A buffer is any meehanism that resists ehanges in pH by eonverting a strong aeid or base into 
a weak one. There are two eategories of buffers: ehemieal buffers and physiologieal buffers. 

ehemieal Btijfers 

ehemieal buffers use a ehemieal to bind H + and remove it from solution when levels rise 
too high and to release H + when levels fall. The three main ehemieal buffer systems are the 
biearbonate buffer system, the phosphate buffer system, and the protein buffer system. 
Eaeh system uses a pair of ehemieals: a weak base to bind H + ions and a weak aeid to release 
them. The biearbonate buffer system—the main buffering system of extracellular fluid—uses 
biearbonate and earbonie aeid. This reaetion is detailed in the flgure below. Note that this 
reaetion is reversible: it proeeeds to the right when the body needs to lower pH, and it 
proeeeds to the left when pH needs to be raised. 



When earbon dioxide 



eombines with water, it forms 



earbonie aeid. 
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Carbonic aeid dissoeiates 

\ 


into hydrogen ions and 
biearbonate, thus lowering pH. 
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If more hydrogen ions are added to 
the system, some of the added 
hydrogen ions will reaet with the 
biearbonate ions to produce earbonie 
aeid. Binding with biearbonate 
removes the hydrogen ions from the 

solution and raises pH. 
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When more hydrogen ions are 
removed from the system, more 
earbon dioxide will eombine with 
water to produce more earbonie aeid. 

V_ 



\ 

The earbonie aeid will then 
dissoeiate, producing more 
hydrogen and biearbonate ions. 

_ ) 



FAST FACT 


In the kidneys and red blood 
eells, the enzyme earbonie 
anhydrase aeeelerates the reaetions 
of the biearbonate buffer system, 
allowing them to occur at 
lightning speed. 










































Physiologieal Btijfers 

Physiologieal biiffers use the respiratory and urinary systems to alter the output of aeids, 
bases, or eO^. In turn, this stabilizes pH. 

Respiratory Oontrol of pH 

The metabolism of food eonstantly produces CO^ as a byproduct. When CO^ inereases, so 
does the eoneentration of H + ions. (Reeall the equation for the biearbonate buffer system: 
when eO^ reaets with water, H + ions result.) Normally, the lungs expel CO^ at the same rate 
that metabolie proeesses produce it, keeping pH in balanee. If CO^ begins to accumulate in 
the bloodstream, the respiratory physiologieal buffer system begins to aet. 




t Respiratory 
rate and depth 




Central ehemoreeeptors in the 
brainstem deteet a fall in pH resulting 
from an accumulation of COo. 


2 


The eentral ehemoreeeptors signal 
the respiratory eenters to inerease the 
rate and depth of breathing, resulting 
in the expulsion of more C0 2 . 


3 


Sinee less C0 2 is available to eombine 
with water to form earbonie aeid, the 
eoneentration of H + ions falls and pH 


rises. 


The opposite is also true. When pH rises, the respiratory rate slows, which allows eO^ to 
accumulate. The eoneentration of H + ions inereases and pH drops. 




Not all the buffer systems begin work at the same time. 
Chemical buffers respond first , followed by the respiratory 
system and, finally the renal system. 


When blood plasma pH rises above or falls below normai 
ehemieal buffers respond instantaneously. Chemical 
buffers often restore blood plasma to a normal pH within 
a fraetion ofa seeond. 

IfpH remains outside the normal range for more than 
1 to 2 minutes, the respiratory system ehanges the rate 
and depth ofbreathing. This adjusts the amountofC0 2/ 
which, in turn, alters H + ion eoneentration and helps 
stabilize pH. 

Ifthe pH continues outside the normal range despite the 
involvementofehemieal baffers and the respiratory system, 
the renalphysiologieal buffersystem beeomes involved. The 
renalsystem ean neutralize more aeids or bases than either 
ofthe othersystems; however, it's the slowest to respond, 
taking as long as 24 hours to be initiated. 


FAST FACT 


Death occurs when pH falls 
below 6.8 or rises above 8.0. 


































Renal Control of pH 

The kidneys are the only buffer system that actually expels H + ions from the body. At the 
same time, they also reabsorb biearbonate, the predominant buffer in extracellular fluid. This 
double effeet makes the renal system the most powerful of all the buffer systems. The 
following figure details how the kidneys help eontrol pH. 



ANIMATION © 


f 



1 

V 

Carbon dioxide leaves the blood and enters into 
eells along the distal kidney tubules. 

) 




ln these eells, C0 2 eombines with water to form 
earbonie aeid (H 2 C0 3 ). 

- - - j 



The earbonie aeid immediately dissoeiates to 
yield hydrogen ions and biearbonate ions. 

• The hydrogen ions diffiise out of the eell and 
into the tubular fluid, where they displaee 
sodium. 

•The displaeed sodium diffuses into the tubular 
eell, where it eombines with the biearbonate to 
form sodium biearbonate. 



V 


y 

4 

V 

Sodium biearbonate is then reabsorbed into 
the blood. 

J 


r \ 

The end result is that H + ions are excreted into the 
urine (making the urine aeidie) while sodium 
biearbonate is reabsorbed into the blood. Both 
aetions help raise plasma pH. 



m 


Peritubular Renal tubular Tubular £ 

eapillary eells fluid 3 




The key to understonding the oeid-bose buffersystem is to 
reolize thot the body operotes vvithin o very norrovvpH ronge. 
Fighting ogoinst this ore the body's ovvn eells. Cells eonstontly 
prodoee C0 2 os o by-product ofmetobolie reoetions. In 
turn, C0 2 reoets with woter to produce H + (on oeid). The 
bodyeombots this eontinoolprodoetion ofoeid by: 

• Binding with ond "disgoising" the oeid (by woy ofthe 
ehemieol boffer system) 

• Expelling C0 2 (throogh the respirotory system) 

• Excreting H + ions (throogh the renol system) 



FAST FACT 


The brush border of the renal tubule eells eontain 
the enzyme earbonie anhydrase, which aeeelerates 
the breakdown of H^OO^ into C0 2 and H 2 0. 
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Aeid-Base imbalanees 



Maintaining the body’s normal pH range of 7.35 to 7.45 depends on a preeise ratio of biearbonate ions to earbonie aeid 


An excess of earbonie aeid 
(resulting in a gain in aeid) causes 
the seale to dip toward aeidosis. 



An excess of biearbonate (resulting 
in a loss of aeid) causes the seale to 
dip toward alkalosis. 


Depending upon the type of dismrbanee causing the ehange in aeid eoneentration, the imbalanee is 
elassifìed as either respiratory or metabolie. Respiratory imbalanees result from either an excess or 
defìeieney of eO^. ( Remember: OO^ eombines with water to produce earbonie aeid, which quickly 


dissoeiates to produce H + . So, an excess of CO^ results in aeidosis while a defìeieney results in 
alkalosis.) On the other hand, metabolie imbalanees result from an excess or defìeieney of biearbonate. 

( Remember: Biearbonate is a buffer that helps bind H + .) Keep in mind that a defìeieney of biearbonate 
may also result from a generation of aeids that would use up the biearbonate. 

Either way, the end result is a gain or loss of aeid, which affeets pH. The following table outlines 
some of the ehief causes of aeid gains and losses. 

Causes of Aeid Gain and Losses 



Reaetion 

Respiratory 


Metabolie 


Causes of Aeid Gain (Aeidosis) 

• Retention ofC0 2 (hypoventilation—such asfrom emphysema or 
pneumonia—as well as apnea) 

• inereased production of aeids (such as ketone bodies in diabetes 
mellitus or laetie aeid in anaerobie metabolism) 

• Consumption of aeidie drugs (such as aspirin) 

• Inability of the kidneys to excrete H + ions 

• Loss of biearbonate (such as ehronie diarrhea or overuse of 
laxatives) 


Causes of Aeid Loss (Alkalosis) 

• Loss ofC0 2 (hyperventilation) 


Loss of gastrie juices (such as through vomiting or 
suctioning) 

Excessive ingestion of biearbonates (such as antaeids) 





The Body AT WORK 

Aeid-base imbalanees direetlyeffeet blood potassium levels. As discussed previously, potassium imbalanees ean cause 
life-threatening eardiae arrhythmias. 


AGDOSIS 


HYPERKALEMIA 


ALKALOSIS 


HYPOKALEMIA 


In aeidosis, plasma eontains an excess eoneentration of H + . As Just the opposite occurs in alkalosis. Becauseplasma eontains a 


the body tries to aehieve aeid-base balanee, H + moves out of 
the plasma and into the eells. The gain ofeations inside the 
eell ehanges the polarity ofthe eell. So, to restore polarity, K + 
moves out ofthe eell asH + moves in. The movement of K + 
into plasma results in hyperkalemia. 


low eoneentration ofH + , H + moves outofcells and into 
plasma; at the same time, K + moves out ofthe plasma and into 
the eells. The movement ofK + out of plasma results in 
hypokalemia. 












































































Compensation for Aeid-Base Imbalanees 


In general, the body uses the respiratory system to eompensate for metabolie pH imbalanees and the kidneys to eompensate 


for respiratory pH imbalanees. 


Respiratory Compensation 


Renal Compensation 


Changing the rate of ventilation alters the eoneentration of 


Although the kidneys are the most effeetive regulators of 


eO^ in the plasma and, therefore, alters pH. Obviously, the pH, they take hours or even days to respond to an aeid-base 


respiratory system ean’t eompensate for aeid-base 


imbalanees caused by a respiratory disturbance, but for 


imbalanees with a metabolie cause, the respiratory system is 


the quickest means of raising or 


lowering pH. 


If the pH is too low, as in 


metabolie aeidosis, the 


|pH 


respiratory eenter inereases 


the rate of respirations. The 


inereased respiratory rate 



a blows off” eO^, which raises 


pH. 


In metabolie alkalosis, the pH 


is too high. Breathing slows, 


allowing eO^ to accumulate, 


and pH drops. 











The Body AT WORK 


High H + ion eoneentration depresses the eentral 




nervoas system, vvhieh is vvhyaeidosis causes 




symptoms such as disorientation, confusion, and 




eoma. Alkalosis, on the otherhand, makes the 


nervoas system more excitable, resulting in 


symptoms such as tetanyand convulsions. 


imbalanee. The kidneys alter pH by adjusting the rate of 


H + ion excretion. 


In response to aeidosis, the 


kidneys eliminate H + and 


reabsorb more biearbonate. 


IpH 



H 


+ 


HCO 


In response to alkalosis, the 


kidneys eonserve H + and 


excrete more biearbonate. 


fpH 



HCO 
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FAST FACT 


Although respiratory eompensation 


is powerful, it doesn t eliminate fixed 


aeids, like laetie aeid or ketone 


bodies. To restore balanee in those 


simations, renal eompensation is also 


neeessary. 













Review of Key Terms 



Aeidosis: A deerease in the pH of the 
blood due to an accumulation of 
aeids; may result from respiratory or 
metabolie disturbances 

Alkalosis: An inerease in the pH of the 
blood due to a loss of aeid; may result 
from respiratory or metabolie 
disturbances 

Anion: Ion with a negative eharge 

Buffers: Meehanisms employed by the 
body to keep aeids and bases in 
balanee 

Cation: Ion with a positive eharge 

Dehydration: A fluid defìeieney 
resulting from the loss of more water 
than sodium 

Edema: Accumulation of fluid in 
interstitial spaees 


Eleetrolytes: Substances that break up 
into eleetrieally eharged partieles 
ealled ions when dissolved in water 

Extracellular fluid: Body fluid residing 
outside of eells 

Hyperealeemia: An excessive 
eoneentration of calcium in the blood 

Hyperkalemia: An excessive 
eoneentration of potassium in the 
blood 

Hypernatremia: An excessive 
eoneentration of sodium in the blood 

Hypoealeemia: Abnormally low blood 
calcium 

Hypokalemia: Abnormally low blood 
potassium 

Hyponatremia: Abnormally low blood 
sodium 


Hypovolemia: Deereased blood 
volume 

Interstitial fluid: Fluid residing 
between eells inside tissues; a 
eomponent of extracellular fluid 

lntracellular fluid: Body fluid residing 
inside of eells 

Transcellular fluid: Miscellaneous 
extracellular fluid that includes 
eerebrospinal fluid, synovial fluid in 
the joints, vitreous and aqueous 
humors of the eye, and digestive 
seeretions 

Turgor: Elastieity of the skin 


Own the Information 


To make the information in this ehapter part of your 
working memory, take some time to refleet on what you’ve 
learned. On a separate sheet of paper, write down 
everything you reeall from the ehapter. After youre done, 
log on to the Davis/Yz/j website, and eheek out the Study 
Group podeast and Study Group Questions for the ehapter. 

Key Topies for Chapter 19: 

• Body fluid eompartments and the movement of fluid 
between eompartments 

• Balaneing water gain and loss 

• Meehanisms for regulating intake and output 

• Disorders of water balanee 


• The major eations and anions of the body 

• Meehanisms for balaneing the level of sodium in the body 

• The causes and consequences of imbalanees of sodium, 
potassium, calcium, and ehloride 

• Aeid-base balanee 

• How ehemieal buffers serve to stabilize pH 

• How physiologieal buffers help to stabilize pH 

• The time frame during which eaeh buffer system 
responds 

• Types of aeid-base imbalanees 

• Respiratory and renal eompensation for aeid-base 
imbalanees 










Answers: Chapter 19 

1. Correct answer: a. Only 35% of the body’s water 
resides otitside of eells, which includes the fluid 
between tissue eells as well as the fluid within 
blood vessels (such as plasma). 

2. Correct ansiver: b. None of the other faetors 
influence fluid shifts between body eompartments. 

3. Correct answer: d. ADH is seereted in response to 
inereased serum sodium and inereased osmolarity. 
pH does not affeet ADH seeretion. 

4. Correct answer: e. Edema involves the 
accumulation of fluid within a body eompartment. 
Skin turgor would be deereased in dehydration and 
would cause tenting. Cerebral edema does not 
result from dehydration. 

5. Correct answer: b. Potassium is the main eation in 
intracellular fluid. Chloride is the most abundant 
extracellular anion and is strongly linked to 
sodium. Calcium exists mostly outside the eell, but 
it is not the ehief extracellular eation. 

6. Correct answer: d. Muscle weakness results from 
hypokalemia. Tetany may result from 
hypoealeemia. Shifting of fluid from tissues into 
the bloodstream would result from hypernatremia 
(such as from dehydration). 

7. Correct answer: e. While both an inerease in 
respiratory rate and the excretion of H + ions from 
the kidneys help lower pH, neither would be the 
body’s first response. Hydrogen does not bind with 
earbonie aeid. 

8. Correct answer: a. Hypernatremia is an inereased 
eoneentration of sodium in the blood. Hypokalemia 
is a deereased eoneentration of potassium, while 
hyperkalemia is an inereased eoneentration of 
potassium. 

9. Correct answer: b. Respiratory alkalosis would 
result from hyperventilation. Metabolie imbalanees 
result from an excess or defieieney of biearbonate, 
not from respiratory dysfunction. 

10. Correct answer: e. Aeidosis does not affeet the 
eoneentration of sodium in the blood, so neither 
hyponatremia nor hypernatremia would result 
from aeidosis. Hypokalemia would result from 
alkalosis, caused as potassium moves into the eell 
to balanee the movement of hydrogen ions out of 
the eell. 


1. Most of the bodys water resides: 

a. inside eells. 

b. otitside of eells. 

e. between tissue eells. 

d. in blood plasma. 

2. Which faetor determines the 
amount and direetion of fluid 
that flows between body 
eompartments? 

a. The volume of fluid in one of 
the eompartments 

b. The eoneentration of solutes 

e. The pH of the fluid 

d. The eoneentration of hydro- 
gen ions in the fluid 

3. Antidiuretic hormone is excreted 
in response to: 

a. a rise in pH. 

b. an inerease in fluid volume. 

e. a deerease in serum sodium 
and a deerease in osmolarity. 

d. an inereased serum sodium 
eoneentration and an inereased 
osmolarity. 

4. Which fìnding would you expect 
to fìnd in someone with 
dehydration? 

a. Edema 

b. inereased skin turgor 

e. Tenting 

d. Cerebral edema 

5. What is the main eation in 
extracellular fluid? 

a. Potassium 

b. Sodium 

e. Chloride 
d. Calcium 


6 . An excess eoneentration of 
potassium in the blood may 
cause: 

a. muscle weakness. 

b. tetany. 

e. shifting of fluid from tissues 
into the bloodstream. 

d. potentially fatal eardiae 
arrhythmias. 

7. When the body’s pH rises above 
normal, which possible response 
would occur first? 

a. The respiratory rate would 
inerease. 

b. The kidneys would excrete H + 
ions. 

e. Hydrogen would bind with 
biearbonate to produce 
earbonie aeid. 

d. Hydrogen would bind with 
earbonie aeid to form 
biearbonate. 

8 . A defìeieney of sodium ions in 
the blood is ealled: 

a. hyponatremia. 

b. hypernatremia. 

e. hypokalemia. 

d. hyperkalemia. 

9. Retention of eO^ from 
hypoventilation would cause: 

a. respiratory alkalosis. 

b. respiratory aeidosis. 

e. metabolie aeidosis. 

d. metabolie alkalosis. 

10. Which eleetrolyte disturbance 
would result from aeidosis? 

a. Hypernatremia 

b. Hyponatremia 

e. Hyperkalemia 
d. Hypokalemia 



Davispla^ | 


Go to http://davisplus.fadavis.com Keyvvord: 
fhompson to see all of the resources available 
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CHAPTER OLITLINE 

Overview of the Digestive System 

Mouth 

Pharynx 

Esophagus 

Stomaeh 

Liver, Gallbladder, and Panereas 
Small Intestine 

Chemical Digestion and Absorption 
Large Intestine 




i 







\ 


LEARNING OUTCOMES 

1. Differentiate between meehanieal and 
ehemieal digestion. 

2. Deseribe the tissue layers of the digestive traet. 

3. Explain the role of the enterie nervous system. 

4. Deseribe the structure and role of the 
peritoneum. 

5. Deseribe the anatomy of the mouth. 

6. Explain the eomposition and function of saliva. 

7. Deseribe the path that food takes as it travels 
from the mouth to the stomaeh. 


8. Deseribe the structure and function of the 
stomaeh. 

9. Identify the seeretions of the stomaeh and 
state the functions of eaeh. 

10. Deseribe the three phases of stirrmlating 
gastrie seeretion. 

11. Deseribe the anatomy of the liver, gallbladder, 
and panereas. 

12. Identify and explain thefunction ofthe 
digestive seeretions of the liver, gallbladder, 
and panereas. 

13. Name the divisions of the small intestine. 

14. Deseribe the two types of movements that 
occur in the small intestine. 

15. Deseribe the lining of the small intestine and 
explain the purpose it serves. 

16. Explain the proeess of digestion for 
earbohydrates, proteins, and fats. 

17. Define eontaet digestion and explain where 
this occurs. 

18. Deseribe the anatomy of the large intestine. 

19. Deseribe the types of eontraetions that occur 
in the large intestine. 

20. Explain the function of the baeteria found in 
the large intestine. 












The bowel has been ealled the seeond brain. Not only does it eontain 
more netirons than the spinal eord\ it seeretes neurotransmitters and 
hormones similar to those ofthe brain. 

The digestive system performs the vital task of transforming food into ehemieals that eells ean absorb and use for energy. It 
breaks down food into its simplest eomponents, after which it absorbs the eomponents so they ean be distributed 
throughout the body. Converting food into fuel requires a dozen organs, a vast array of enzymes, and thousands of ehemieal 


reaetions. 


Overview of the Digestive System 


The digestive system eonsists of the digestive traet (also ealled the alimentary eanaì) as well as aeeessory organs. The 
digestive traet is basieally a tube that extends from the mouth to the anus; it eontains several distinet seetions, as shown 
below. The aeeessory organs are separate organs that aid digestion. 


The digestive traet includes the: 


Mouth 
Pharynx 
Esophagus 
Stomaeh 
Large intestine 
Small intestine 
Rectum 
Anus 


Mouth 


Pharynx 


Esophagus 


Stomaeh 


Large intestine 


Small intestine 


Rectum 

Anus 



Salivary glands 


The aeeessory organs include the: 

Teeth 
Tongue 
Salivary glands 
Liver 
Panereas 
Gallbladder 


Liver 


Panereas 


FAST FACT 


The study of the digestive traet and 
the diagnosis and treatment of its 
diseases is ealled gastroenterology. 


Gallbladder 












































FAST FACT 



The Body AT WORK 


Digestion breaks down food—both physieally and ehemieally—and transforms itinto a 
substance thateells ean use. Meehanieal digestion and ehemieal digestion are two 
distinet phases ofthis proeess. 


Meehanieal digestion: This is the firstphase ofdigestion. Itinvolves physieallybreaking 
down food into smallerpieees, beginning with chewing in the mouth andcontinuing 
with eontraetions andchurning in the stomaeh andsmall intestine. 
ehemieal digestion: The seeond phase ofdigestion uses digestive enzymes produced in 
the salivary glands, stomaeh, panereas, andsmall intestines to break down food 
partieles into nutrients (such as glucose, amino aeids, and fattyaeids) thateells ean use. 


Onee nutrients are released from food, they move into the epithelial eells lining the digestive 
traet before passing into the bloodstream for distribution throughout the body. Food that 
isn'tdigested orabsorbed beeomes i /vaste (feees) and is eliminated from the body. 


Food material inside 
the digestive traet is 
eonsidered to be 
external to the body. 


Tissue Layers of the DigestiveTraet 

Four layers of tissue make up the walls of the digestive traet: the mucosa, the submucosa, the 
muscularis, and the serosa. 



The miieosa —the innermost layer—eonsists 
ofthree layers ofits own:an inner layerof 
epitheliiim, a layer of loose eonneetive 
tissue, and a thin layer of smooth muscle. 


The submucosa is a thieker layer of 
eonneetive tissue. It eontains glands, blood 
vessels, lymphatie vessels, and nerves. 


The muscularis eonsists of two layers of 
smooth muscle: the inner layer eneireles the 
traet while the outer layer runs longitudinally. 
This layer regularly eontraets and relaxes to 
propel food through the digestive traet. 


Inner circular 
muscle layer 


Outer longitudinal 
muscle layer- 


The serosa —the outmost layer—eovers 
the portion of the digestive traet within the 
peritoneal eavity. (The outer eovering of 
the esophagus and rectum is ealled the 
adventitia.) 










FAST FACT 


Enterie nervous system 
(ENS): 

Myenterie nerve plexus 


Submucosal nerve plexus 


Gland 


Blood vessels 


The serosa is actually the viseeral layer of the 
peritoneum. As you may reeall, the viseeral layer of the 
peritoneum eovers the organs in the abdominopelvie 
eavity; the parietal layer of the peritoneum attaehes to 
the walls of the eavity. 
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The Body AT WORK 

A netvvork ofnerves ealled the enterie nervous system (ENS) innervates 
the digestive system. Consisting of 100 million nearons, the enterie nervous 
system—a part ofthe autonomic nervous system—regulates digestive 
traet motility seeretion, and blood fiovv. One portion ofthe ENS (the 
submucosal plexus ) isembeddedin the submucosa; anotherportion (the 
myenterie plexusj resides betvveen the tvvo layers ofthe muscularis. 

The enterie nervous system usually eommanieates vvith the eentral 
nervous system (CNS). Hovvever, even ifeontaet betvveen the tvvo systems is 
severed, the ENS vvill continue to function. This amazing, self-eontained 
nervous system eontains sensory nearons that monitor meehanieal and 
ehemieal eonditions vvithin thedigestive traet, motor neurons thateontrol 
thechurning and movementofthe intestines, andstill other neurons that 
eontrol the seeretion ofenzymes. Italso eontains supporteells similar to the 
astroglia ofthe brain and, finally, it uses more than 30 neurotransmitters, 
mostofvvhieh are identieal to those found in the CNS. 


FAST FACT 


Organs like the stomaeh and liver are 
enelosed by mesentery (or serosa) on both 
sides, plaeing them within the peritoneal 
eavity (intraperitoneal). Organs such as 
the duodenum and most of the panereas 
lie against the dorsal abdominal wall; 
mesentery eovers only their ventral sides, 
so they are outside the peritoneal eavity 
(retroperitoneal). 


Peritoneiim 

Because the stomaeh and intestines vigorously eontraet as they digest, they need to be free to move. At the same time, they 
need to be anehored enough so that the intestines don’t twist or kink when the body ehanges position. Layers of viseeral 
peritoneum ealled mesenteries suspend the digestive organs within the abdominal eavity while anehoring them loosely to 
the abdominal wall. Mesenteries also eontain blood vessels, nerves, lymphatie vessels, and lymph nodes that supply the 
digestive traet. (Although this figure shows the intestines separated from eaeh other, in aemality, they are elosely paeked.) 


FAST FACT 





Small intestine 


Stomaeh 


Extending from the greater curvature of the stomaeh and hanging down 
over the small intestines like an apron is a portion of the mesentery 
ealled the greater omentum. Deposits of fat seattered throughout the 
omentum give it a laey appearanee. Besides helping to prevent frietion, 
the omentum also helps loealize infeetion. If areas of inflammation 
develop in the stomaeh or intestines, the omenta adheres to the area to 
keep the infeetion from spreading to the rest of the abdomen. 


The mesoeolon 

fixes the eolon 
to the posterior 
abdominal wall. 


Transverse eolon 


Mesentery of the 
small intestine 


Because the peritoneal eavity eontains empty 
spaee, it ean fill with fluid from disease or 
trauma. The accumulation of fluid in the 
peritoneal eavity is ealled aseites. 


Liver (retraeted) 

Gallbladder 

Stomaeh 

Greater 

omentum 


The lesser omentum extends from the 
lesser curve of the stomaeh to the liver. 

. 7 . 
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Mouth 



The mouth is also ealled the oral, or buccal, eavity. It’s surrounded by lips and bordered on eaeh side by the eheeks. The 
palate forms the roof of the mouth while the tongue and its muscles form the floor. The mouth is the entryway to the 


digestive traet; it’s also where digestion begins. 


Palatine tonsil 


The tongue is a skeletal muscle eovered by 
a mucous membrane. It repositions food in 
the mouth during chewing; it also eontains 
taste buds within projeetions ealled 
lingual papillae. (For more information on 
taste buds, see ehapter 11, Sense Organs.) 


A fold of mucous membrane ealled the 
lingual frenulum anehors the tongue to 
the floor of the mouth. Numerous 
superficial blood vessels populate the floor 
of the mouth, making this an ideal site for 
soluble drugs (such as nitroglyeerine) to be 
absorbed quickly into the circulation. 



Sublingual 
salivary duct 
orifiee 

Submandibular 
salivary duct 
orifiee 

Lower lip 


The hard palate —formed by 
portions of the maxillae and 
palatine bones—separates the 
mouth from the nasal eavity. 


The soft palate, which eonsists of 
mostly skeletal muscle, forms an 
areh between the mouth and 
nasopharynx. 


A eone-shaped proeess ealled the 
uvula hangs downward from the 
soft palate. 



f 













Salivary Glands 

Salivary glands seerete saliva, a elear fluid eonsisting mostly of 
water, but also eontaining mucus, an enzyme that kills baeteria, 
antibaeterial compounds, eleetrolytes, and two digestive enzymes. 
Besides the major salivary glands shown in the fìgure below, the 
mouth also eontains minor salivary glands in the tongue, inside the 
lips, and on the inside of the eheeks. 


The parotid gland lies just underneath the 
skin anterior to the ear. Its duct drains 
saliva to an area nearthe seeond upper 
molar.The mumps virus causes swelling 
and inflammation of the parotid gland. 



ír 





The Body AT WORK 

Saliva moistens the mouth and lubricates and 
proteets the teeth. Italso plays an importantrole 
in taste. One ofits main roies, though, is to 
moisten foodand transform itinto a mass ealled 
a bolus thatean besvvallovved easily. Enzymes 
eontained in saliva begin the digestion proeess: 
amylase breaks dovvn stareh vvhile lipase begins 
the digestion offat. 

Salivary glands seerete about 1 literofsaliva 
daily. The pressare and taste offood in the mouth 
stimulates theseeretion ofsaliva. Thesmellor 
sightoffood—oreven justthe thoughtof 
food—also stimulates salivation. On the other 
hand, stimulation ofthe sympathetie nervous 
system, such as through fear, inhibits the 
seeretion ofsaliva, causing the mouth to feeldry. 


The submandibular gland 

empties into the mouth on 
either side of the lingual 
frenulum. 


The sublingual gland drains through 
multiple ducts onto the floor of the mouth. 


Sublingual ducts 


Submandibular duct 
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Teeth 


Digestion begins when food enters the mouth and is chewed: a proeess ealled mastieation. Besides breaking food into pieees 
small enough to be swallowed, chewing allows food to beeome moistened with saliva. The adult mouth eontains 32 
permanent teeth designed to cut, tear, and grind food. 




Chisel-like ineisors 
have sharp edges for 
cutting food. 


Pointed eanine teeth 
are designed to tear 
food. 


Ist premolar 


2nd premolar 


Ist molar 


2nd molar 


3rd molar 
(wisdom tooth) 


Premolars and molars 

have large, flat surfaces 
for crushing or 
grinding. 


ST FACT 


Dentin and 
eemenmm ean 
regenerate if damaged; 
enamel eannot. 


The crown is the 
portion of the tooth 


above the gum 

(gingiva). 


The root and crown 
meet at the gum line 
a loeation ealled the 


The root is embedded 


Enamel is the 
hardest substance 
in the body. 


Age at emption 
(years) 


10-12 


10-12 


9-12 


11-13 


17-25 


Llpper teeth 


Gingiva 


neek 


in a soeket in the 


jawbone. 


Root eanal 




AST FACT 




The Body AT WORK 


Afterdeveloping beneoth the 
gums, teeth erupt beginning at 
aboutage six months. Tvventyof 
these early teeth, ealled 
deciduous teeth (or baby teethj 
emerge in a predietable order 
until about the age of2 V 2 years. 
Then, betvveen the ages of6 and 
13 years, the deciduous teeth fall 
out and are replaeed by 32 
permanent teeth. The figure on 
this page shovvs the age at 
emption for the apper teeth. The 
eorresponding teeth on the 
lovver javv erupt about the same 
time, although some erupt 
slightly later or even earlier than 
those on the upperjavv. 


A hard tissue ealled enamel 
eoversthe crown. 


The bulk of the tooth eonsists of a 
firm, yellowish tissue ealled 

dentin. 


The piilp eavity eontains a mass 
of connectivetissue, blood and 
lymphatie vessels, and nerves 
ealled pulp. Pulp also fills the root 
eanals of eaeh root. 


A periodontal ligament lines the 
soeket; fibers from the ligament 
infiltrate both the root and the 
soekettoanehorthetooth in plaee. 


A eonneetive tissue ealled 
cementum eovers the dentin in 
the root. 


Nerves and blood vessels enter 
the tooth through an opening at 
the end of the root eanal. 
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Pharynx 



After food leaves the oral eavity, it moves into the pharynx. (For detailed information about the pharynx, see Chapter 17, 
Respiratory System.) While air moves through all three divisions of the pharynx (the nasopharynx, oropharynx, and 
laryngopharynx), food moves through only the last two of those divisions. 



Bolus of food 


Pharynx 

Tongue 


Epiglottis 


Larynx 


Traehea 
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Soft palate 


Uvula 
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Epiglottis 
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Esophagus 
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Afterfood has been broken down bytheteeth and moistened 
by saliva, the tongue manipulates the bolus to the baek of the 


oral eavity. 



Connecting the pharynx to the stomaeh is the 
esophagus: a muscular tube about 10 inehes 
(25 em) long. 



At this point, the soft palate lifts (elosing off the nasopharynx) 
while the larynx rises (foreing the epiglottis over the entranee 
to the traehea) and food moves through the oropharynx and 
laryngopharynx on its way to the esophagus. 




FAST FACT 


Swallowing requires the 
eoordination of 22 muscles 
in the mouth, pharynx, and 
esophagus, all eontrolled by 
nerve impulses sent from the 
medulla oblongata and pons. 


Glands within the wall of the esophagus seerete mucus that helps 
lubricate the food bolus as it passes through. When a bolus enters 
the esophagus, it triggers wave-like muscular eontraetions 
(peristalsis) that propel the food toward the stomaeh. 


Esopha us 




Lying posterior to the traehea, the 
esophagus travels through the 
mediastinum, penetrates the diaphragm, 
and enters the stomaeh. 


A muscular sphineter ealled the lower 
esophageal sphineter (LES) helps prevent 
the backflow of stomaeh aeid into the 
esophagus. 


Stomaeh 



FAST FACT 


a Heartburn,” or indigestion, is a 
burning sensation that results from 
the regurgitation of aeidie stomaeh 
eontents into the esophagus. 









































































395 

Stomaeh 


Just below the diaphragm, the digestive tube expands to form the stomaeh, a muscular sae whose primary function is to 
store food. The stomaeh also prepares food for digestion (most of which occurs in the intestines). Speeifieally, the muscles 
of the stomaeh eontraet and churn to break food into small partieles and to mix it with gastrie juice. What results is a 
semi-fluid mixture ealled ehyme. Chyme leaves the stomaeh and enters the duodenum by passing through the pylorie 
sphineter. 

The normal curvature of the stomaeh ereates two anatomieal landmarks: the lesser curvature (along the upper surface of 
the stomaeh) and the greater curvature (along the lower surface). The stomaeh itself is divided into four regions, as shown 
in the fìgure below. 




Duodenum 


1. Cardia 

v_ ) 


2. Fundus 

^ J 

C -\ 

3. Body 


( \ 

4. Pylorus 

^ ■<) 




The Body AT WORK 





VVhile enzymes in the stomaeh partially digest 
protein as well as small amounts ofstareh and 
fat, mostofthe digestion proeess, and the 
absorption ofnutrients, takes plaee in the 
intestine. Aleohol is also absorbed mostly by the 
small intestine. However, the rate at which aleohol 
is absorbed depends on how quickly the stomaeh 
empties its eontents into the intestine (which is 
why eating before consuming aleohol slows the 
effeet ofthe aleohol). 


The stomaeh eontains the same layers as the rest of the digestive traet (mucosa, submucosa, muscularis, and serosa). 
However, the muscularis layer of the stomaeh has an extra layer of oblique muscle in addition to longimdinal and circular 
layers. 


Esophagus 


Lower esophageal 
sphineter (LES) 



Pylorie sphineter 


Longitudinal 

muscle 


Circular muscle 



The addition of the oblique muscle gives the muscles of 
the stomaeh wall a erisseross pattern; this allows the 
stomaeh to eontraet and churn vigorously as it 
proeesses food. 


Oblique muscle 


When the stomaeh is empty, the mucosa and 
submucosa are wrinkled into folds ealled rugae. As the 
stomaeh fills with food, the rugae flatten and the 
stomaeh expands.To illustrate: an adult's empty 
stomaeh has a volume of about 50 ml; after eating, it 
typieally expandsto 1 to 1.5 liters. 
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The gastrie mucosa eontains depressions ealled gastrie pits. Several different glands (ealled 
gastrie glands) open into the bottom of eaeh gastrie pit. These glands seerete the various 
eomponents of gastrie juice. 


Gastrie pit 



FAST FACT 



Gastrie glands produce up to 
liters of gastrie juice eaeh day. 


Submucosa 


Mucous eells seerete mucus, which 
proteets the stomaeh lining and keeps the 
stomaeh from digesting itself. 


Parietal eells seerete hydroehlorie aeid and 
intrinsie faetor (which is neeessary for the 
absorption of vitamin B 12 ). Hydroehlorie 
aeid helps kill mierobes in swallowed food. 


Chief eells seerete digestive enzymes, such 
as pepsinogen. 


Enteroendoerine eells seerete the hormone 
ghrelin (which stimulatesthe hypothalamus 
to inerease appetite) and gastrin (which 
influences digestive function). 



Muscularis 


FAST FACT 


e stomaeh empties in less than 4 
hours following a liquid meal, or it 
may take as long as 6 hours to 
empty following a meal high in fat. 






The Body AT WORK 

Svvallovving signals the stomaeh to relax so as to allovv food to enter. Onee the food has entered, the stomaeh goes to vvork, 
mixing the food vvith gastriejuices andpropeiiing it tovvard the duodenum. 

Peristaltie 

eontraetion 


Chyme 





Pylorie 

sphineter 



Duodenum 




Contractions originate in the fundus and 
move toward the pylorie region. Starting 
out gently and growing progressively stronger, 
wave-like peristaltie eontraetions break down 



Chyme moves toward the pylorie 
sphineter, propelled by the rhythm 
ofthe eontraetions. llnderthe pressure 
of a eontraetion, about 30 ml of ehyme 



food and mix it with gastrie juices to form ehyme. squirts into the duodenum. 


The stomaeh continues to churn and 
mix its eontents as it gradually releases 
ehyme into the duodenum.This continues 
until the stomaeh empties, which takes 
about 4 hours following a typieal meal. 








































































The Body AT WORK 

The stimulation ofgastrie seeretion occurs in threephases. Eaeh phase (the eephaliephase, gastriephase, and 
intestinalphase) is aetivated by a differentpartofthe body (the brain, the stomaeh, and the intestine, respeetively). 



Nervous impiilse 
to stomaeh 


1. The mere thoughtoffood—as well as its sight, smell, 
or taste—ereates neural impulses that are relayed to 
the brainstem. The parasympathetie nervous system 
then signals the stomaeh to seerete gastriejuice as well 
as gastrin. Gastrin further stimulates gastrie seeretion. 
Because the brain eontrols this phase ofgastrie 
seeretion, it's ealled the eephalie phase. 



Stretehing 
triggers release 
of gastrie juice 


2. The next phase—the gastrie phase — begins when 
food enters the stomaeh. The stretehing ofthe 
stomaeh as it fills with food triggers nerve reflexes that 
inerease the seeretion ofgastriejuice and gastrin. 





3. As ehyme moves into the duodenum, the intestinal 
phase begins. At this point, the duodenum triggers 
nerve impulses and seeretes hormones, both ofwhich 
inhibit gastrie seeretion. 


Life lesson: Peptie tileer 

Crater-like sores, or ulcerations, in the lining of the stomaeh 
or duodenum are ealled peptie ulcers. Typieal symptoms 
include gnawing or burning pain in the middle or upper 
stomaeh between meals or at night, bloating, and 
heartburn. llntreated, ulcers ean erode through the organ 
wall, resulting in a potentially fatal hemorrhage. 

While there is no single cause of ulcers, an aeid-resistant 
bacterium ealled Helieobaeterpylori (H. pylori) is often 
implieated. By invading the mucosa of the stomaeh and 
duodenum, the bacterium causes ehronie inflammation 
that often leads to the development of an ulcer. Another 
eommon cause of peptie ulcers is the use of nonsteroidal 
anti-inflammatory drugs (NSAIDs); these drugs interfere 
with the production of mucus that proteets the lining of the 
stomaeh and duodenum, thus opening the door to 
ehemieal damage. 

Llleers caused by H. pylori are usually successfully 
treated with antibioties. 




The Body AT WORK 

Vomiting may result from a variety ofstimuli: 
overstretehing ofthe stomaeh, ehemieal 
irritants (such as aleohol or toxins), or even 
pain or fear. When these types ofstimuli occur, 
the emetie eenter ofthe medulla oblongata 
sends two types ofimpulses: one to the upper 
esophageal sphineter to open and one to the 
esophagus and body ofthe stomaeh to relax. 
As this is happening, the abdominal muscles 
forcefully eontraet to foree ehyme out ofthe 
stomaeh and mouth. 
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Liver, Gallbladder, 



Panereas 



Although the liver, gallbladder, and panereas are aeeessory organs of the digestive system, they play a crucial role in the 
digestive proeess. Eaeh of these organs seeretes digestive fluids or enzymes into the digestive traet at the junction of the 
stomaeh and small intestine. 


Liver 

The body’s largest gland, the liver fills the upper right abdomen below the diaphragm. Even more impressive than its size is 
its function: the liver performs over 250 tasks, including storing and releasing glucose, proeessing vitamins and minerals, 
filtering toxins, and reeyeling old blood eells. This ehapter focuses on the liver’s role in digestion. (More of the liver’s 
functions will be discussed in Chapter 21, Nutrition & Metabolism.) 

The liver has four lobes. Two of the lobes (the right and left lobes) are visible from an anterior view. 





Right lobe 



FAST FACT 


The term hepatie refers 
to the liver. 


The right and left lobes are separated by 
the faleiform ligament, which also serves 
to anehor the liver to the abdominal wall. 


Anterior view 


FAST FACT 


Swelling and inflammation of 
the liver is ealled hepatitis. 
Hepatitis is a symptom, rather 
than a eondition, although the 
term is often used to refer to a 
viral infeetion of the liver. 


Two additional lobes—the caudate lobe (near the inferior vena eava) and the quadrate 
lobe (next to the gallbladder)—are visible from behind. 



Left lobe 


Caudate lobe 

Inferior vena eava 


The hepatie artery delivers oxygenated 
blood from the aorta to the liver. 


The portal vein earries oxygen-poor but 
nutrient-rich blood from the digestive 
organs and spleen to the liver. 



Right lobe 


Common hepatie duct 


Quadrate lobe 


Gallbladder 


Posterior view 
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Liver Lobiiles 



Tiny, six-sided eylinders ealled hepatie lobules fill the interior of the liver. These are the ftinetional 
units of the liver. 


A eentral vein passes through the eore of 
eaeh lobule. 


Tiny eanals ealled canaliculi earry bile 
seereted by hepatoeytes. 


Blood Flow Throtigh the Liver 


Sheets of hepatie eells (ealled hepatoeytes) 
fan out from the eenter of the lobule. 


In betvveen the sheets of eells are 
passagevvays filled vvith blood ealled 

sinusoids. 


Eaeh liver lobule reeeives nutrient-rich venous blood from the intestines as well as oxygenated 
blood from the eeliae trunk. 


6 Canaliculi earry bile seereted by hepatie eells and 
ultimately drain into the right and left hepatie ducts. 



Also, phagoeytie eells ealled Kupffercells 
remove baeteria, worn-out red blood eells, and 


debris from the bloodstream. 


Nutrient-rich blood from the stomaeh and 
intestine enters the lobule through small 
branehes of the portal vein. 


Oxygen-rich blood entersthe lobule 
through small branehes of the hepatie artery. 


5 The eentral vein earries the proeessed 
blood out of the liver. 


3 The blood filters through the sinusoids, 

allowing the eells to remove nutrients (such as 
glucose, amino aeids, iron, and vitamins) as well as 
hormones, toxins, and drugs. At the same time, the 
liver seeretes substances—such as elotting faetors, 
albumin, angiotensinogen, and glucose—into the 
blood for distribution throughout the body. 
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Gallbladder 


A sae attaehed to the tinderside of the liver, the gallbladder stores and eoneentrates bile. The 
gallbladder is about 3 to 4 inehes (7 to 10 em) long and holds 30 to 30 ml of bile. 


Bile reaehes the gallbladder through a series of ducts. It leaves the liver 
by the right and left hepatie ducts. These two ducts eonverge to form 
the eommon hepatie duct, which goes on to beeome the eommon bile 
duct. Bile from the liver first fills the eommon bile duct before baeking up 
into the gallbladder through the eystie duct. 




Right and left 
hepatie ducts 

Common hepatie duct 
Cystic duct 


Common bile duct 


The bile duct merges with the duct 
of the panereas to form the 

hepatopanereatie ampulla 
(ampulla ofVater). 


Duodenum 


The ampulla enters the duodenum 
at a raised area ealled the major 
duodenal papilla. 



A sphineter ealled the hepatopanereatie 
sphineter (sphineter of Oddi) eontrols the flow 
of bile and panereatie juice into the duodenum. 


Panereas 


Panereatie duct 





Eaeh day, the liverseeretes up to 1 literofbile: o 
yellovv-green fluid eontoining minerols, eholesterol, 
phospholipids, bilesolts, bilepigments, ond 
eholesterol. The moin bile pigmentis bilirubin, vvhieh 
results from the breokdovvn ofhemoglobin. Hovvever, 
the most importont eomponent ofbile is bile salts. 
Formed in the liver from eholesterol, bile solts oid in 
the digestion ond obsorption offot in the smoll 
intestine. Afterseeretion, 80% ofbile solts ore 
reobsorbed in the finol seetion ofthe smoll intestine 
(the ileum). It is then returned to the liver, vvhere 
hepotoeytes obsorb ond then seerete the bile onee 
ogoin. The 20% ofbile not reobsorbed is excreted in 
feees. In foet, bile is responsible forgiving feees its 
brovvn eolor. Ifbile isn't being seereted, or ifthe flovv of 
bile is obstmeted, feees beeome groyish-vvhite in eolor. 


Life lesson: Gallstones 

Hard masses, ealled gallstones, ean form inside the 
gallbladder, often because of excessive eholesterol in 
the bile. Gallstones may cause no signs or symptoms. 
However, if a gallstone lodges within a duct, 
excruciating pain may occur. If the gallstone bloeks the 
flow of bile into the duodenum, bile will baek up to the 
liver and be absorbed into the bloodstream, resulting 
in jaundice (a yellow diseoloration of the skin, mucous, 
membranes, and sderae).Treatment of symptomatie 
gallstones includes surgery to remove the gallbladder 
or medieations to dissolve the gallstones. 
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Panereas 

The panereas lies behind the stomaeh; its head is nestled in the curve of the duodenum while its 
tapered tail sits below the spleen and above the left kidney. 

The panereas is both an endoerine and exocrine gland. Its endoerine function eenters on 
panereatie islets that seerete insulin and glucagon. (For more information on the endoerine 
function of the panereas, see Chapter 12, Endoerine System.) 

Most of the panereas, though, eonsists of exocrine tissue. Eaeh day, the panereas seeretes about 
1.5 liters of panereatie juice—essentially digestive enzymes and an alkaline fluid—into the small 
intestine. 



Body of the panereas 


Head of panereas 


Tail of panereas 
Panereatie islets 


Aeinar eells seerete digestive enzymes in 
an inaetive form; onee aetivated in the 
duodenum, the enzymes help break down 
lipids, proteins, and earbohydrates. 

Epithelial eells in panereatie ducts seerete 
sodium biearbonate, which buffersthe 
highly aeidie ehyme entering the 
duodenum from the stomaeh. 


Ducts eonverge on the main panereatie 
duct, which joins the bile duct at the 
hepatopanereatie ampulla. 






■a 



The Body AT WORK 

The vogus nerve and the hormones eholeeystokinin, gastrin, and seeretin stimulate the seeretion of 
bile and panereatie juice. 


Cholecystokinin (CCK): The arrival ofehyme in the duodenum stimulates the duodenum to 
seerete the hormone CCK. CCKcauses gallbladdereontraetion—foreing bile into the bile duct — 
and the release ofpanereatie enzymes. At the same time, itprompts the hepatopanereatie 
sphineter to relax, vvhieh allovvs bile andpanereatiejuice to enter the duodenum. 

Gastrin: This hormone from thestomaeh and duodenum triggers both gallbladdereontraetion 
and panereatie enzyme seeretion. Hovvever, it exerts a much less powerful effeet than does CCK. 
Seeretin: The aeid in ehyme also triggers the duodenum to release seeretin. Seeretin causes the 
bile andpanereatie ducts to release biearbonate, which helps neatraiize the stomaeh aeid 
entering the duodenum. 
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Sma Intestine 



Most ehemieal digestion, and most nutrient absorption, occurs in the small intestine. Filling most of the abdominal eavity 
below the stomaeh, and held in plaee by mesentery, the small intestine eonsists of three divisions: the duodenum, the 
jejunum, and the ilium. 

The jejiiniim constitutes the next 8 
feet (2.4 m) of small intestine. Many 
large, elosely spaeed folds and millions 
of mieroseopie projeetions give the 
jejunum an enormous surface area, 
making it an ideal loeation for nutrient 
absorption.The wall of the jejunum is 
thiekand muscular with a rieh blood 
supply, which imparts a red eolor to 
this part of the intestine. 


The diiodeniim is the first 10 inehes 
(25 em) of small intestine. (The name 
duodenum is Latin for"twelve"; the 
duodenum is about 12 finger breadths 
long.) It begins at the pylorie valve and 
ends as the intestine turns abmptly 
downward.The duodenum reeeives 
ehyme from the stomaeh as well as 
panereatie juice and bile.This is where 
stomaeh aeid is neutralized and 
panereatie enzymes begin the task of 
ehemieal digestion. More digestive 
proeesses occur here than in any other 
part of the intestine. 


I 


FAST FACT 


The term small intestine 
refers to its diameter, not its 
length. The small intestine is 
much longer than the large 
intestine—the small intestine 
is about 20 feet long whereas 
the large intestine is about 5 
feet long—but its diameter is 
smaller. 



The ileum is the last 12 feet (3.6 m) of 
intestine.The wall ofthe ileum isthinner 
and has less blood supply than doesthe 
wall ofthejejunum. Clusters of lymphatie 
nodules ealled Peyer's patehes are 
seattered throughout the ileum. 








The Body AT WORK 

Contractions in the small intestine help break down foodpartieles, mix food with digestivejuices, and bring digested food in 
eontaet with the intestinal maeosa to faeilitate absorption. Contractions also propel food residue toward the large intestine. The 


two types ofintestinal eontraetions are segmentation and peristalsis. 

Segmentation involves ring-like eonstrietions thatoccurat 
intervals along the small intestine. When the first eontraeted 
areas relax, new eontraetions oeearin other loeations. This 
baek-and-forth movement breaks up food partieles and 
kneads the eontents ofthe intestines, thoroughly mixing it 
with digestive juices. 


Peristalsis 



Food residue 


Peristalsis begins when mostofthe 
nutrients have been absorbedand 
undigested residue remains. With 
this type ofeontraetion, successive, 
wave-like ripples move the digested 
material along the Gl traet. 


Segmentation 

Food 


Contraction 




































The intestinal lining eontains multiple projeetions that inerease its surface area and enhanee 
the absorption of nutrients. 


Serosa 

Muscularis 

Submucosa 

Mucosa 



The villi are eovered by absorptive 
epithelial eells as well as mucus- 
seereting goblet eells. An arteriole, a 
venule, and a lymph vessel ealled a 
laeteal fill the eore of eaeh villus. 




Epithelium 

Mierovilli 

Goblet eell 
Laeteal 


Intestinal erypts 


Mierovilli 



The intestinal lining eontains eireiilar folds that 
slow the progress of ehyme and inerease its 
eontaet with the mucosa. On top of the circular 
folds are projeetions ealled villi (singular: villiis). 



Pores at the bases of the villi, ealled 
intestinal erypts, eontain goblet eells 
that seerete mucus that helps the 
passage of food.They also serve as 
sites for rapid cellular growth, 
producing new eells to replaee those 
shed from the villi. 


Arteriole 
Lymphatie vessel 


Venule 


Epithelial eells eovering the villi have a brush 
border of ultrafine mierovilli. Besides further 
inereasing the absorptive area, the mierovilli 
produce digestive enzymes. 









FAST FACT 


The folds, villi, and 
mierovilli inerease the surface 
area of the small intestine 
more than 500 times. 






The Body AT WORK 

Most nutrients pass into the 
bloodstream through 
eapillaries, and then travel 
to the liver. Most fat, 
hovvever, is absorbed by the 
laeteal. 

















































































































































Onee food has been meehanieally broken down into minute partieles, ehemieal digestion takes eontrol. Using digestive 
enzymes, ehemieal digestion transforms food molecules into partieles that ean be absorbed into the bloodstream. By the 
time food residue leaves the small intestine, most nutrients have been absorbed. The proeess of digestion and absorption 
varies between elasses of nutrients, with the major elasses being earbohydrates, proteins, and fats. 


Carbohydrates 

Carbohydrates eonsist of sugars ealled saeeharides: 


Polysaeeharides eontain many saeeharide groups linked together; these include starehes and glyeogen. 
Disaeeharides eontain two groups linked together; these include sucrose, laetose, and maltose. 
Monosaeeharides eontain only one saeeharide group; these include glucose, 
fmetose, and galaetose. 


FAST FACT 




Most foods eontain polysaeeharides, which must be broken into smaller 
partieles (namely, disaeeharides and monosaeeharides). To do so, the digestive 
system uses enzymes. 



Salivary amylase 
seereted 


The proeess begins 
in the mouth, 
where salivary 
glands seeretethe 
enzyme amylase. 
Salivary amylase 
works to hydrolyze 
polysaeeharides 
into disaeeharides. 



Cellulose is an indigestible 
earbohydrate found in the diet. 
Even though cellulose doesn t 
provide the body with nutrients, 
it is an important source of 
dietary fiber. (Cellulose will be 
discussed further in Chapter 21, 
Nntrition & Metabolism .) 




Panereatie amylase 
seereted 


When the resultant 
ehyme reaehesthe 
small intestine, it 
mixes with 
panereatie 
amylase, and the 
proeess of stareh 
digestion resumes. 




Salivary amylase 
inaetivated 


Oneethefood is 
swallowed, the low pH 
of stomaeh aeid 
inaetivates the salivary 
amylase. By this point, 
though, about 50% of 
the stareh has already 
been digested. 


Sucrase Laetase Maltase 



Glucose absorbed 


The final steps in earbohydrate 
digestion take plaee at the level of the 
villi.The membranes of the epithelial 
eells eovering the villi eontain the 
enzymes sucrase, laetase, and 
maltase. As the ehyme slides against 
the brush border of the epithelial 
eells, the enzymes bind with the 
disaeeharides. (This is ealled eontaet 
digestion.) This final step in the 
digestion proeess produces glucose, 
which is immediately absorbed. 
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Proteins 


Proteins are complex molecules made up of folded and twisted ehains of amino aeids linked together by peptide bonds. 
Before the body ean absorb amino aeids, it must break the peptide bonds. To do so, it uses enzymes ealled proteases. Absent 
from saliva, proteases work in the stomaeh and small intestine. 



Pepsin 

seereted 


In the stomaeh, the 
enzyme pepsin 
hydrolyzes the 
peptide bonds 
between eertain 
amino aeids. 


Amino aeid ehain 



Amino 

aeids 

absorbed 


Peptidases 


Finally, brush border 
enzymes ealled 
peptidases breakthe 
remaining ehains into 
individual amino aeids, 
which are then 
absorbed intothe 
bloodstream. 




Panereatie enzymes 
seereted 


As soon as the ehyme 
enters the duodenum, 
pepsin is inaetivated. At 
that point, the 
panereatie enzymes 
trypsin and 
ehymotrypsin assume 
the task of breaking the 
peptide bonds. 



FAST FACT 


Amino aeids arrange themselves in a 
wide variety of eombinations, with 
eaeh eombination employing a 
slightly different peptide bond. As a 
result, the body ealls upon a vast array 
of proteases to digest protein. 



Although fat digestion begins in the mouth, most fat digestion occurs in the small intestine. Because fat doesn’t dissolve in 
water, it enters the duodenum as a eongealed mass. To faeilitate digestion, the fat must fìrst be broken into small droplets, a 
proeess ealled emulsifìcation. 



When a fat globule 
entersthe 
duodenum, two 
substances in bile 
(leeithin and bile 
salts) breakupthefat 
into small droplets. 




Onee the fat is emulsified, 
panereatie lipase (the 
main fat-digesting 
enzyme) begins to digest 
the fat. In the proeess, fats 
are broken down into a 
mixture of glyeerol, 
short-ehain fatty aeids, 
long-ehain fatty aeids, 
and monoglyeerides. 



Laeteal 


Glyeerol 
Short-ehain fatty acids_ 

Long-ehain fatty aeids - 

Monoglycerides_ 


Capillary 


Glyeerol and short-ehain fatty aeids are 
absorbed into the bloodstream of the villi. 
Long-ehain fatty aeids and 
monoglyeerides, which are too large to be 
absorbed by the eapillaries, are absorbed 
into the walls of the villi.There, they are 
ehanged into triglyeerides, which 
eventually enterthe laeteal ofthe villi. 
After travelling through the lymphatie 
system, the triglyeerides enter the 
bloodstream at the left subclavian vein. 
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Large Intestine 


Onee the food has been proeessed and its nutrients absorbed, the remaining residue is ready to leave the small intestine for 
the large intestine. In faet, about 500 ml of residue—eonsisting of undigested food, sloughed off epithelial eells, minerals, 
salts, and baeteria—enter the large intestine eaeh day. The large intestine absorbs large amounts of water from the residue 
before passing the resulting waste material (feees) out of the body. 

The following figure shows the regions of the eolon, beginning with the cecum, where food residue enters the eolon, and 
ending with the anal eanal, through which waste material leaves the body. All along the way are pouches ealled haustra, 
which result from the inereased tone of the smooth muscle of the muscularis layer. 


o 

oo 

o 

o. 













ANIMATION 0 


Haustra 


Left eolie 
(splenie) flexure 


4 The deseending eolon 

extends downward along 
the left side of the abdominal 
eavity. 


I The large intestine begins in a blind 
pouch ealled the cecum. Attaehed to 
the lower end of the cecum is a tubular 
organ ealled the appendix.The 
appendix eontains masses of lymphoid 
tissue and serves as a source for immune 
eells. At the point where the ileum meets 
the large intestine is the ileoeeeal valve, 
which helps insure that material moves 
in a forward direetion only. 


6 The reetiim is the last 7 to 8 inehes 
(17 to 20 em) of intestine. The 
mucosa of the rectum forms longitudinal 
folds ealled anal columns. 


3 The transverse eolon passes below the liver, 
stomaeh, and spleen.The eolon turns sharply 
downward at the left eolie (splenie) flexure. 


5 The sigmoid eolon forms an 
S shape down to the rectum. 


7 The anal eanal, which makes up the last 
ineh (2.5 em) of the rectum, opens to the 
exteriorthrough the anus.The anus eontains 
two sphineters: an internal sphineter 
(eomposed of involuntary smooth muscle) 
and an external sphineter (eomposed of 
voluntary skeletal rrmsele). 


External anal sphineter 


Right eolie _ 

(hepatie) flexure 


2 The aseending eolon 

extends up toward the liver. 
The eolon makes a sharp turn at 

the right eolie (hepatie) flexure. 



Appendieitis, an inflammation of the 
appendix, results when a bloekage traps 
infectious material inside the appendix. 
Surgical removal of the appendix 
(appendeetomy) is one of the most 
eommonly performed emergeney surgeries. 




































The Body AT WORK 

The large intestine houses over 700 speeies of 
baeteria; these are ealled baeterial flora. These 
baeterial fiora, also ealled the normal flora, 
perform a varietyoffunctions benefieial to the 
body's health. Forexample, some ofthe baeteria 
digest cellulose and other materials for vvhieh we 
have no digestive enzymes. Other baeteria 
produce significantamounts ofvitamins, 
particularly vitamin Kand a B vitamin. 

One ofthe products ofbaeterial aetion is 
intestinal gas, or flatus. Although flatus partially 
results from swallowed air, italso results from 
baeterial fermentation ofundigested 
polysaeeharides. Flatus mainlyeonsists of 
nitrogen and earbon dioxide, although italso 
eontains hydrogen, methane, and hydrogen 
sulfide. When a large amountofundigested 
nutrients pass into the eolon, painful eramping 
ean result as the baeterial aetion produces an 
inereased voiame ofintestinal gas. 




The Body AT WORK 

Intestinal eontraetions move feees through the 
eolon and toward the reetam. 

• Haustral eontraetions: As a haustrum fills i /vith 
residue, itbeeomes distended, which 
stimulates the haustrum to eontraet. Besides 
mixing the residue, the eontraetion pushes the 
residue into the next haustrum. Haustral 
eontraetions generally occur every 30 minutes. 

• Strongerperistaltie eontraetions ealled mass 
movements, move iarger amounts of 
material several inehes at a time along the eolon. 
In particular, these movements are triggered by 
the fìlling ofthe stomaeh or duodenum. 


The mass movement of feees into the reetam 
stimulates the defeeation reflex: the reetam 
eontraets and the internal anal sphineter relaxes. 
When the external anal sphineter relaxes (which 
is under voluntary eontrol to prevent the 
uncontrolled release offeees), feees is expelled 
from the body (defeeation). 



Key Digestive Enzymes 


FAST FACT 


Hemorrhoids are swollen, 
engorged veins in the anal eanal. 


Life lesson: Changes with Aging 

Effieieney of the digestive system deereases with age. Over time, the muscular wall of the digestive traet weakens and 
intestinal peristalsis slows, often resulting in eonstipation and hemorrhoids. Peristalsis also slows in the esophagus, 
making swallowing more difficult. The eardiae sphineter—the sphineter that regulates the flow of food from the 
esophagus into the stomaeh—also weakens, often leading to esophageal reflux and "heartburn." Tooth loss is eommon, 
making eating difficult. Faetoring in diminished sensations of smell and taste, it's easy to understand why many elderly 
individuals have poor appetites. 

Aging also interferes with the absorption of nutrients. Speeifieally, the stomaeh has deereased production of 
hydroehlorie aeid and other digestive enzymes, leading to poor absorption of vitamin B 12 . Effieieney of the liver also 
deelines, slowing an elderly individual's ability to metabolize drugs, píaeing them at greater risk for drug overdose. 





















































Review of Key Terms 


Amylase: Enzyme eontained in saliva 
that breaks down stareh 

Appendix: Tubular organ attaehed to 
the lower end of the cecum; serves as 
a source for immune eells 

Bile: Yellow-green fluid seereted by the 
liver that aids in digestion 

Cecum: Blind pouch that serves as the 
beginning of the large intestine 

Chief eells: Cells in the gastrie mucosa 
that seerete digestive enzymes 

Chyme: Semi-fluid mixture eonsisting 
of partieles of food mixed with 
digestive juices 

Dentin: Firm, yellowish tissue forming 
the bulk of a tooth 

Duodenum:The fìrst 10 inehes of 
small intestine; the portion of 
intestine that performs most digestive 
proeesses 

Enterie nervous system: Network of 
nerves innervating the digestive system 

Enteroendoerine eells: Cells in the 
gastrie mucosa that seerete the 
hormone ghrelin 

Esophagus: Muscular tube eonneeting 
the pharynx to the stomaeh 


Gallbladder: Sae attaehed to the liver 
that stores and eoneentrates bile 

Gastrie pits: Depressions within the 
gastrie mucosa eontaining glands that 
seerete eomponents of gastrie juice 

Gingiva: Tissue surrounding the neeks 
of teeth; the gums 

Hard palate: Bony structure that 
separates the mouth from the nasal 
eavity 

Haustra: Pouches along the length of 
the large intestine 

lleum: The third and last portion of 
the small intestine 

Jejunum: The seeond portion of the 
small intestine; loeation where many 
nutrients are absorbed 

Laeteal: Lymph vessel found inside the 
villi of the small intestine 

Lipase: Enzyme that digests fat 

Mastieation: Proeess of chewing, 
which begins the digestion of food 

Mesentery: Sheet of eonneetive tissue 
that suspends the digestive organs 
within the abdominal eavity 


Parotid gland: Salivary gland loeated just 
underneath the skin anterior to the ear 

Peristalsis: Wave-like muscular 
eontraetions that propel food along 
the digestive traet 

Proteases: Enzymes working in the 
stomaeh and small intestine to break 
peptide bonds 

Rugae: Folds of mucosa and 
submucosa in the stomaeh 

Salivary glands: Glands in the oral 
eavity that seerete saliva 

Segmentation: Type of eontraetion in 
the small intestine that involves 
ring-like eonstrietions 

Soft palate: Structure eonsisting 
mostly of skeletal muscle that forms 
an areh between the mouth and 
nasopharynx 


Own the Information 


To make the information in this ehapter part of your 
working memory, take some time to refleet on what you’ve 
learned. On a separate sheet of paper, write down 
everything you reeall from the ehapter. After you’re done, 
log on to the DavisT/z/j website, and eheek out the Study 
Group podeast and Study Group Questions for the ehapter. 

Key Topies for Ohapter 20: 

• Meehanieal and ehemieal digestion 

• Tissue layers of the digestive traet 

• Role of the enterie nervous system 

• Structure and fìmetion of the peritoneum and mesenteries 


• Anatomy of the mouth, teeth, pharynx, and esophagus 

• Composition and fìmetion of saliva 

• Structure and fìinetion of the stomaeh 

• Anatomy and physiology of gastrie pits 

• Three phases of gastrie seeretion 

• Structure and fìinetion of the liver, gallbladder, and panereas 

• Structure and fìinetion of the small intestine 

• Chemical digestion and absorption of earbohydrates, 
proteins, and fats 

• Structure and fìinetion of the large intestine 
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Ansivers: Chapter 20 

1. Correct answer: C. Meehanieal digestion involves 
breaking the food into smaller pieees, but the 
pieees are not small enough for eells to absorb. 
Absorption is the phase in which the eells absorb 
the nutrients. Ingestion is the proeess of 
consuming food. 

2. Correct answer: b. The mucosa is the innermost 
layer. The submucosa is a layer of eonneetive 
tissue eontaining glands, blood vessels, lymphatie 
vessels, and nerves. The serosa is the outermost 
layer that eovers the portion of the digestive traet 
within the peritoneal eavity. 

3. Correct answer: a. The lesser omentum extends 
from the lesser curve of the stomaeh to the liver. 
The mesoeolon fìxes the eolon to the posterior 
abdominal wall. The jejunum is a portion of the 
small intestine. 

4. Correct answer: a. Pepsin aets in the stomaeh to 
digest protein. Trypsin is a panereatie enzyme that 
breaks down protein in the duodenum. Sucrase 
aets in the intestine to digest sucrose. 

5. Correct answer: d. The duodenum is the fìrst 10 
inehes of small intestine. The ileum is the third 
and last portion of the intestine. The sigmoid 
eolon is the S-shaped portion of the large intestine 
leading to the rectum. 

6. Correct answer: b. The brush border of the epithelial 
eells lining the small intestine seeretes enzymes that 
break down earbohydrates into glucose and protein 
into individual amino aeids; the brush border does 
not partieipate in the digestion or absorption of fat. 
Long-ehain fatty aeids and monoglyeerides are 
absorbed into the walls of the villi; there, they are 
ehanged into triglyeerides. Triglyeerides do enter 
the bloodstream after travelling through the 
lymphatie system. 

7. Correct answer: e. All of the other answers are 
ineorreet. 

8. Correct answer: a. The stretehing of the stomaeh as 
it fìlls with food inereases the seeretion of gastrie 
juice and gastrin, but it is not the initial trigger. 
The movement of ehyme into the duodenum 
initiates the intestinal phase of digestion, and 
gastrie seeretion is inhibited. Contractions within 
the stomaeh mix food partieles with gastrie juice, 
but they do not stimulate the seeretion of gastrie 
juice. 

9. Correct answer: a. The islets of Langerhans seerete 
insulin. Duct eells in the panereas seerete sodium 
biearbonate. Kupffer eells are phagoeytie eells in 
hepatie lobules. 

10. Correct answer: b. All of the other answers are 
ineorreet. 

11 . Correct answer: e. All of the other answers are 
ineorreet. 


1. In which phase of digestion do 
enzymes break down food into 
partieles eells ean absorb? 

a. Meehanieal digestion 

b. Absorption 

e. Chemical digestion 

d. Ingestion 

2 . The layer of the digestive traet 
that eontraets and relaxes to 
propel food forward is the: 

a. mucosa. 

b. muscularis. 

e. submucosa. 

d. serosa. 

3 . Which mesentery hangs over the 
small intestine like an apron? 

a. Greater omenmrn 

b. Lesser omenrnm 

e. Mesoeolon 

d. Jejunum 

4 . Which enzyme aets in the mouth 
to begin the breakdown of 
stareh? 

a. Amylase 

b. Pepsin 

e. Trypsin 

d. Sucrase 

5 . The muscular tube that eonneets 
the pharynx to the stomaeh is 
the: 

a. duodenum. 

b. ileum. 

e. sigmoid eolon. 
d. esophagus. 

6 . How do triglyeerides enter the 
bloodstream? 

a. They pass direetly into the 
bloodstream after passing 
through the intestinal brush 
border. 

b. They enter the laeteal and travel 
through the lymphatie system 
to enter the bloodstream. 


e. They are absorbed into the 
wall of the villi, after which 
they pass into the bloodstream. 

d. Triglyeerides dont enter the 
bloodstream. 

7 . What is the purpose of rugae? 

a. Seerete gastrie juice 

b. Propel food residue through 
the small intestine. 

e. Allow the stomaeh to expand. 

d. Help break food into small 
partieles. 

8 . Which of the following aets as an 
initial trigger to the stomaeh to 
begin seereting gastrie juice? 

a. The smell of food 

b. The stretehing of the stomaeh 
as it fills with food 

e. The movement of ehyme into 
the duodenum 

d. Contractions within the 
stomaeh 

9 . Which panereatie eells seerete 
digestive enzymes? 

a. Aeinar eells 

b. Islets of Langerhans 

e. Duct eells 

d. Kupffer eells 

10. Most nutrients are absorbed in 
the: 

a. stomaeh. 

b. small intestine. 

e. large intestine. 

d. mouth. 

11. Where is most fat digested? 

a. Mouth 

b. Stomaeh 

e. Duodenum 

d. Large intestine 



Go to http://davisplus.fadavis.com Keyvvord: 
fhompson to see all ofthe resources available 
with this ehapter. 
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CHAPTER OLITLINE 

2 Units of Energy 
Hunger and Satiety 
Nutrients 
Metabolism 
Thermoregulation 


LEARNING OUTCOMES 

1. Define metabolism and ealorie . 

2. Explain basal metabolie rate and identify the 
faetors that influence it. 

3. Discuss the five hormones that affeet hunger 
and satiety. 

4. Define nutrient and identify the five eategories 
of nutrients. 

5. Namethethreeformsofdietary 
earbohydrates. 

6. Deseribe three roles of fat in the body. 

7. Differentiate between saturated and 
unsaturated fats. 

8. Differentiate between eomplete and 
ineomplete proteins. 

9. Name the fat-soluble and water-soluble 
vitamins, and explain the differenee between 
them. 

10. Identify the major minerals in the body and 
deseribe their functions. 

11. Summarize the proeess of earbohydrate 
metabolism, including glyeolysis, anaerobie 
fermentation, and aerobie fermentation. 

12. Explain what occurs in glyeogenesis, 
glyeogenolysis, and gluconeogenesis. 

13. Deseribe the proeess of lipid metabolism. 

14. Deseribe the proeess of protein metabolism. 

15. Explain what is meant by protein balanee, 
differentiating between negative and positive 
nitrogen balanee. 

16. Identify the three means by which the body 
loses heat. 

17. Explain the negative feedbaek meehanisms 
that help regulate the body's temperature. 



























About two-thirds ofan adiilt’s energy expenditure is used simply to 
maintain normal body fanetion. 

The body—even at rest—eonstimes a tremendous amount of energy. Obviously, walking aeross a room or even pieking up a 
book requires energy, but so does the beating of the heart, the conduction of nervous impulses, the movement of the lungs 
during respiration, and even the manufacture of new blood eells. In faet, the body needs a steady supply of fuel just to 
survive. 

As was discussed in the previous ehapter, the bodys source of fuel is food. Onee consumed, the digestive system breaks 
food into usable food eomponents (ealled nutrients), which are then absorbed into the bloodstream. Thats just the 
beginning, however. The nutrients then enter the eells and undergo further ehemieal reaetions, ealled metabolism. It’s 
through the proeess of metabolism that nutrients are transformed into energy or materials the body ean either use or store. 

As shown in the fìgure below, some body systems demand a greater supply of energy than others. 



Pereentage of energy expended 

by varioiis organs 



Skeletal muscle 

22 % 


Remainder 

16% 


dipose 

4% _ 


Kidneys 

8% 


Heart 

9% 


Brain 

20 % 


Liver 

21 % 

















































llnits of Energy 


Energy expenditure is measured by the output of heat from the body. In nutrition, the unit of heat often used is the ealorie: 
the amount of heat (or energy) needed to raise the temperature of 1 gram of water by 1 degree Celsius. One thousand 
ealories is ealled a Calorie (with a eapital C) or a kiloealorie. In other words, ealories are energy that the body uses as fuel. 

People obtain dietary ealories through the consumption of earbohydrates, proteins, and fats. The number of ealories in 
food is a measure of the potential energy eontained in that food. Not all food groups furnish the same number of ealories. 
For example, earbohydrates and proteins both yield 4 Calories/gram, while fats yield 9 Calories/gram. For optimal nutrition, 
energy needs should be supplied by a balanee of earbohydrates, proteins, and fats as well as vitamins and other nutrients. 









The Body AT WORK 

The amount ofenergy the body needs at rest 
(such as that required for the heart to beat, the 
lungs to breathe, and the kidneys to function) is 
ealled the basal metabolie rate (BMR). The BMR 
for adults is about 2000 Calories/day for males 
andslightly less for females. Faetors that inerease 
metabolie rate include anxiety, fever, eating (the 
metabolie rate inereases as the body proeesses the 
ingested food), and thyroid hormones. A namber 
offaetors influence the number of ealories eaeh 
person needs. (See "KeyFaetorsAffeeting 
Metabolie Rate" on this page.) 

The next faetor affeeting ealorie need is 
physieal aetivity. Physieal aetivity includes 
everything from bmshing your teeth to jogging. 
The numberofcalories burned during a physieal 
aetivity varies aeeording to a person's body vveight 
as vvell as the intensity ofthe aetivity. 

To maintain vveight, ealorie intake mustequal 
output. lfyou consume a greater namber ofealories 
thanyoar body expends,you vvillgain vveight. The 
opposite is also true: consuming fevver ealories than 
your body expends vvill result in vveightloss. 


AST FACT 


Some foods, such as aleohol and those high in sugar, 
provide whats ealled “empty ealories.” Thats 
because these types of foods eontain a large number 
of ealories but relatively few nutrients. 


FAST FACT 


It takes an excess of 3500 Calories 
to gain 1 pound of fat. 


























































The hypothalamus eontains eontrol eenters for both hunger and satiety (the feeling of being satisfied after eating). Reeent 
researeh has identified a number of hormones that profoundly affeet these eenters. The following fìgure illustrates five key 
hormones affeeting appetite: one of the hormones—ghrelin—stimulates appetite while the other four suppress it. 
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Seereted by adipose tissue, leptin signals the 
brain that the body has enough energy 
stores, such as body fat, and, therefore, 
suppresses appetite. Although leptin levels 
are higher in people who are overweight, 
obese people have built up a resistanee to 
the appetite-suppressing effeets of leptin. 


Cholecystokinin (CCK) is seereted by eells 
in the duodenum and jejunum; in addition 
to stimulating the seeretion of bile and 
panereatie enzymes, this hormone also 
suppresses appetite. 


Insulin levels inerease rapidly after eating 
to counteract the rise in glucose levels.The 
amount of insulin released varies 
aeeording to the amount of body fat. Like 
leptin, insulin alerts the brain as to the 
amount of body fat and, therefore, 
suppresses appetite. 


Seereted by parietal eells in the stomaeh, 
espeeially when the stomaeh is empty, 
ghrelin produces the sensation of hunger. 
Ghrelin seeretions deerease for about 
3 hours after a meal. 


Peptide YY (PYY) —which is seereted by 
enteroendoerine eells in the ileum and 
eolon—signals satiety and, therefore, 
serves as a prompt to stop eating. 


T FACT 


Ghrelin levels fall dramatieally following gastrie 
bypass surgery, suggesting that this may be one of 
the faetors contributing to weight loss after the 
procedure. 
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Nutrients used by the body for growth, repair, and maintenanee include earbohydrates, lipids, proteins, and water as well as 
vitamins and minerals. Because the body requires fairly large amounts of earbohydrates, lipids, proteins, and water, these are 
ealled macronutrients. On the other hand, the body needs only small quantities of vitamins and minerals; therefore, these 
are ealled micronutrients. 

The body must obtain most of its nutrients—including most vitamins, minerals, eight amino aeids, and some fatty 
aeids—through diet. These are ealled essential nutrients because theyre essential in the diet. Some nutrients, however, the 
body ean synthesize; because they’re not essential in the diet, these nutrients are ealled nonessential nutrients. 

(Basie eoneepts of nutrition and metabolism were discussed in Ohapter 2, Chemistry ofLife. It may be helpful to review 
these topies before proeeeding with this ehapter.) 

Carbohydrates 

Carbohydrates are the bodys primary energy source. We obtain earbohydrates by eating foods 
(particularly plants) that eontain them. In plants, earbohydrates result from photosynthesis: the 
proeess by which plants use energy from sunlight to take up earbon dioxide and release oxygen. 

In essenee, the earbohydrates in plants represent stored energy. By consuming earbohydrates, the 
body has aeeess to that energy. 

Dietary earbohydrates occur in three forms: monosaeeharides, disaeeharides, and polysaeeharides. 




Monosaeeharides 

• Known as simple sugars 

• Taste sweet 

• Absorbed through the small intestine 
without being broken down 

• Examples include glucose, fmetose (fruit 
sugar), and galaetose 



Disaeeharides 

• Alsoealled simplesugars 

• Broken down into monosaeeharides 
during the digestive proeess 

• Examples include sucrose (table sugar), 
laetose (milk sugar), and maltose (a sugar 
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Sugar 


Polysaeeharides 

Known as complex earbohydrates 

Consist of the starehes found in vegetables, 
grains, potatoes, riee, and legumes 
lncludes cellulose as an important 
polysaeeharide (See"The Body at Work" 


found in germinating eereals, such as barley) on this page) 







Because the body continually burns earbohydrates for 
fuel, they should form the greatest pereentage of the diet. 
Speeifìeally, average adults should obtain 40% to 50% of 
their ealories from earbohydrates; very aetive people may 
need to obtain up to 60% of their ealories from 
earbohydrates. 

Most of the earbohydrates consumed should be complex 
earbohydrates. That’s because these foods eontain other 
vital nutrients in addition to earbohydrates. Also, the body 
absorbs complex earbohydrates more slowly than simple 
sugars, which helps prevent unhealthy spikes in blood 
glucose levels. 
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The Body AT WORK 



Becouse the body eon't digest cellulose, it's not 
eonsidered o nutrient. Nevertheless, cellulose still 
mokes on importont contribution to the diet in 
the form of dietary fiber. A mojoreomponentof 
plont tissues, cellulose obsorbs vvoter in the 
intestines ond svvells. This odds bulk to the stool, 
vvhieh stretehes the eolon ond inereoses 
peristolsis. In turn, this ollovvs stool to poss more 
quicklyoutofthe body. 



































Lipids 

Lipids, or fats, aet as a reservoir of excess energy. Speeifieally, excess earbohydrates are 
eonverted to fat. Then, during periods of deereased food intake, fat reserves ean be mobilized 
and broken down to release energy. 

Fat is an ideal substance for storing energy: not only is it more eompaet than 
earbohydrates, it’s also more energy dense. Eaeh gram of fat eontains 9 Calories per gram, 
eompared to 4 Calories for eaeh gram of earbohydrate. Fat fulfills other key roles in the body 
as well. For example: 

• Fat enables absorption of eertain vitamins. Vitamins A, D, E, and K are fat- 
sohible, meaning that they depend on dietary fat to be absorbed by the intestine. 

• Fat contributes to cellular structure. Dietary fats ean be eonverted to other 
lipids (such as phospholipids and eholesterol), which are major structural 
eomponents of eell membranes and myelin. Cholesterol also aets as a precursor 
to steroid hormones, bile aeids, and vitamin D. 

• Fat insulates and proteets the body. Besides insulating the body to eonserve 
heat, fat also surrounds delieate internal organs to proteet them from damage. 


FAST FACT 


Excessive consumption of 
saturated fat has been linked to 
arterioselerosis, heart disease, 
diabetes mellitus, and even breast 
and eolon eaneers. 


As was discussed in Chapter 2, fats ean be samrated or unsaturated depending on 
the structure of their earbon ehains. 


Saturated fats 

• Derived mainly from animals 

• Tend to be solid at room temperature 

• Found in meat, egg yolks, and dairy products 

• lnclude hydrogenated oils (oils that are 
proeessed so as to make them solid at room 
temperature), such as vegetable shortening 
and margarine 



Unsaturated fats 


Occur in nuts, seeds, and vegetable oils 
Tend to be in liquid form at room temperature 



Ideally, fat should eomprise no more than 30% of an adult’s daily intake, 
with no more than 20% being saturated fat. For example, based on a 2000- 
ealorie-a-day diet, fat intake should be limited to 400 to 700 ealories, or 44 
to 78 grams. Of that, less than 10% should be saturated fat. 

A speeifie type of saturated fat eommonly found in eommereial baked 
goods and snaek foods is trans fat. Trans fat results when hydrogen is added 
to liquid vegetable shortening during food proeessing to make it more solid. 
Trans fat inereases the risk for heart attaek and stroke, which is why the 
Ameriean Heart Assoeiation reeommends limiting trans fat consumption to 
no more than 1% of daily ealorie intake. 

The body ean synthesize most of the fatty aeids it needs. However, there 
are a few (such as linolenie aeid, which is a neeessary part of the eell 
membrane) it eannot synthesize. Called essential fatty aeids, these fats must 
be obtained through the diet. They are found in such foods as vegetable oils, 
whole grains, and vegetables. 


FAST FACT 


Proeessed foods typieally eontain 
saturated fats because they resist 
beeoming raneid and because 
they tend to remain solid at 
room temperamre. 
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Protein 

Proteins fulfill a vast array of functions in the body. For example, proteins are a major 
eomponent of all cellular membranes. In addition, they make up much of the structure of 
bone, eartilage, tendons, ligaments, skin, hair, and nails. Antibodies, hormones, and 
hemoglobin—as well as about 2000 different enzymes—also eonsist of proteins. In faet, 
about 12% to 15% of the body’s mass is made of protein. 

The body eontains over 100,000 different proteins. Eaeh of these proteins eonsists ofvarious 
eombinations of just 20 different amino aeids. (See “The Body at Work” on this page.) 

During the proeess of digestion, proteins are broken down into their individual amino aeids. 
Onee absorbed, the body reeombines the amino aeids to ereate a new protein for a speeifìe 
purpose. Foods that supply all the essential amino aeids are ealled eomplete proteins. Foods that 
laek one or more essential amino aeids are ealled ineomplete proteins. Nutritionists onee 
thought that, for the body to ereate new proteins, all amino aeids needed to be present 
simultaneously. In other words, they felt it was neeessary to consume all 9 essential amino aeids 
at eaeh meal. Reeent studies have shown, however, that the body ean eombine eomplementary 
proteins that are consumed over the course of a day. 


Complete proteins 


• Mainly eome from animal sources 

• lnclude meat, fish, eggs, and dairy 



ineomplete proteins 

Come from plant sources 
lnclude nuts, grains, and legumes 



It s possible to obtain all the essential amino aeids 
from plant sources by eombining a food defieient in 
one amino aeid with another food eontaining that 
amino aeid. For example, eombining beans, which 
are defieient in the amino aeid lysine, with riee, 
which is rieh in lysine, forms a eomplete protein. 


The Human Body's 20 Amino Aeids 





The Body AT WORK 

The body eon synthesize 11 ofits 20 amino aeids. 
Because it's not neeessary to consume them 
through the diet , they're ealled nonessential 
amino aeids. (Keep in mind that these amino 
aeids are still essential in the body.) The remaining 
9 amino aeids are ealled essential amino aeids 
because they must be obtained through food. The 
follovving table lists the names ofthe body's 20 
amino aeids. 




Essential Amino Aeids 

Nonessential Amino Aeids 

Histidine 

Alanine 

lsoleucine 

Arginine 

Leucine 

Asparagine 

Lysine 

Aspartie aeid 

Methionine 

Cysteine 

Phenylalanine 

Glutamic aeid 

Threonine 

Glutamine 

Tryptophan 

Glyeine 

Valine 

Proline 


Serine 


Tyrosine 































Vitamins 

Besides earbohydrates, lipids, and proteins, the body also requires small amounts of organie 
compounds ealled vitamins. Vitamins are mostly ineorporated into eoenzymes: molecules 
that support enzymes in metabolie proeesses. Other than vitamin D (which ean be formed 
by exposure of the skin to the sun), the body eannot manufacture vitamins. Therefore, 
vitamins must be obtained regularly through food. 

Vitamins are elassifìed as either water-soluble or fat-soluble. Water-soluble vitamins are 
absorbed with water in the small intestine, after which they are dissolved in body fluids and 
then excreted by the kidneys. Because water-soluble vitamins arent stored in the body, the 
risk of toxicity ( hypervitaminosis ) is slight. (However, toxicity ean still occur from megadoses 
of water-soluble vitamins, such as vitamin C.) 

Fat-soluble vitamins are absorbed with dietary fat, after which they are stored in the liver 
and fat tissues of the body until needed. Consequently, megadosing may lead to toxicity. 
Vitamins A, D, E, and K are fat-soluble vitamins. The following table outlines the major 
vitamins along with their dietary sources, their fìmetion, and the symptoms of defieieney. 


MajorVitamins 



Vitamin 

Dietary Source 

Functions 

Defieieney Symptoms 

Water-Soluble Vitamins 

Aseorbie aeid (C) 

Citrus frnits, green vegetables 

Synthesis of eollagen, antioxidant, red blood eell 
formation, wound healing, aids in iron absorption 

Scurvy; degeneration of skin, 
bone, and blood vessels 

Thiamine (B^) 

Red meat, eggs, legumes 

Carbohydrate metabolism, blood formation, 
circulation, eentral nervous system maintenanee 

Beriberi (nervous system 
disorder), edema 

Ribofìavin (B 2 ) 

Meat, eggs, whole grains, 
legumes 

Energy metabolism; eell respiration; epithelial, 
eye, and mucosal tissue maintenanee 

Dry, sealy skin; eorneal opaeities; 
keratitis 

Niaein (B 3 ) 

Meat, fish, legumes, grains 

Circulation; eholesterol level reduction; growth; stimulates 
eentral nervous system; metabolism of earbohydrate; 
protein,andfat 

Dermatitis, dementia, diarrhea 

Pyridoxine (B 6 ) 

Red meat, fish, green vegetables, 
whole grains 

Helps in metabolism of amino aeids and unsaturated 
fatty aeids, antibody formation, DNA and RNA synthesis 

Dermatitis, anemia, muscle 
weakness 

Folie aeid (B 9 ) 

Vegetables, liver 

Synthesis of DNA, eatabolism of lipids and amino aeids, 
eell growth and reproduction, red blood eell formation 

Anemia 

Cyanocobalamin (B 12 ) 

Red meat, eggs, milk 

Formation and maturation of red blood eells, nerve eell 
maintenanee 

Pernicious anemia 

Biotin 

Raw egg yolks, liver, peanuts, 
tomatoes 

Neeessary for eell growth,the production offatty 
aeids, and the metabolism of fats and amino aeids 

Dermatitis, hair loss, neurological 
symptoms 

Fat-Soluble Vitamins 

Vitamin A 
(retinol) 

Fish oil, eggs, green and yellow 
vegetables 

Growth, night vision, maintenanee of epithelial tissue 

Night blindness; dry, sealy skin 

Vitamin D 
(ealeiferol) 

Fish oils, eggs, milk, liver 

Calcium and phosphoms absorption and metabolism, 
development of bones and teeth, normal blood 
elotting 

Riekets (in ehildren), osteomalaeia 
(in adults) 

Vitamin E 
(toeopherol) 

Fish oils, eggs, milk, seed oils 
(such as eorn and soybean oil) 

Antioxidant, normal muscle function, fetal 
development, myoeardial perfusion 

Reproductive disorders 

Vitamin K 

Vegetables such as eabbage, 
spinaeh, and tomatoes 

Essential for normal blood elotting 

Blood coagulation disorders, 
hemorrhage 


■ 


FAST FACT 


Vitamins were originally named with letters aeeording to the 
order of their diseovery. However, vitamins also have 
ehemieally derived names, such as aseorbie aeid for vitamin C. 











Minerals 

The body also needs various inorganie substances ealled minerals. Minerals are needed for 
numerous vital functions, including nerve conduction, brain function, heart eontraetion, and 
red blood eell formation. Good sources of minerals include vegetables, legumes, milk, eggs, 
fìsh, shellfish, and some meats. Most eereals and grains are a poor source of minerals 
(although minerals are typieally added to proeessed eereals). 


Major &Trace Minerals 



Minerals 

Major Minerals 

Dietary Source 

Functions 

Defieieney Symptoms 

Calcium 

Milk and other dairy 
products, greens, legumes, 
sardines 

Formation of bones and teeth, blood elotting, 
muscle eontraetion and relaxation, nerve 
function 

Numbness and tingling, muscle 
spasms, arrhythmias 

Phosphorus 

Meat, fish, poultry, eggs, milk, 
grains 

Formation of bones and teeth, eell growth 
and repair, aids in aeid-base balanee 

Bone degeneration 

Magnesium 

Meat, seafood, nuts, legumes, 
grains 

Muscle relaxation and nerve impulse 
transmission, protein synthesis 

Nerve disorders, heart 
arrhythmias 

Sodium 

Table salt, meat, seafood, milk 

Fluid balanee, nerve and muscle function, 
eell permeability 

Weakness 

Potassium 

Traee Minerals 

Potatoes, melons, citrus fruit, 
bananas, meat, most fruits and 
vegetables 

Nerve and muscle function, aeid-base 
balanee, eardiae rhythm 

Muscle weakness, nerve 
disorders 

Iron 

Liver, red meat, egg yolks, nuts, 
legumes 

Hemoglobin production 

Anemia, fatigue 

lodine 

Seafood, iodized salt 

Thyroid hormone production, physieal and 
mental development 

Goiter, hypothyroidism 

Seienium 

Grains, meat, fish, dairy products 

Antioxidant, immune meehanisms 

Anemia 

Zine 

Meat, seafood, whole grains 

Wound healing, nutrient metabolism, 
earbohydrate digestion 

Delayed growth, rough skin, 
poor appetite 

Copper 

Legumes, grains, nuts, organ meats 

Component of many enzymes 

Fatigue, anemia 

Fluoride 

Fluoridated drinking water, seafood, 
seaweed 

Formation of bones and teeth 

Dental earies 

Manganese 

Greens, legumes, grains 

Formation of bone, aetivation of some enzymes 

Delayed wound healing, 
dizziness, menstmal disorders 


T FACT 


About 4% of the body s mass eonsists of minerals. 
Of this, three-quarters is calcium and phosphoms, 
which are found in the bones and teeth. 
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Metabolism 
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Onee inside the eell, nutrients are transformed through metabolism into energy that the 
body ean use immediately or store for later use. Metabolism involves two proeesses: 

Catabolism: Used in the metabolism of earbohydrates and lipids, this proeess breaks 
down complex substances into simpler ones or into energy. 

Anabolism: Used in protein metabolism, this proeess forms complex substances out of 
simpler ones. 

Carbohydrate Metabolism 

All ingested earbohydrates are eonverted to glucose, most of which is immediately burned as 
energy. If the body doesn’t need the glucose for immediate energy, it stores it as glyeogen or 
eonverts it to lipids. 

The primary goal of glucose eatabolism is to generate adenosine triphosphate (ATP), 
which eells use for energy. This erneial task occurs in three distinet phases: glyeolysis, 
anaerobie fermentation, and aerobie respiration. 

Glyeolysis 

Taking plaee without oxygen, glyeolysis splits one glucose molecule 
into two molecules of pymvie aeid. Glyeolysis releases only a fraetion of 
the available energy; further reaetions are needed to release the rest of 
the energy. Which reaetions occur depend upon whether oxygen is 
available. When oxygen is not available—such as during intense 
exercise when the demand for energy exceeds the supply of oxygen— 
anaerobie fermentation occurs. Most ATP, however, is generated in 
mitoehondria, which require oxygen. So, when oxygen is available, 
aerobie respiration is the pathway of ehoiee. 
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FAST FACT 


Proeesses that occur 
without oxygen are ealled 
anaerobie proeesses; those 
that require oxygen are 
ealled aerobie. 
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FAST FACT 


Because glyeolysis doesnt 
require oxygen, it ean 
supply the eell with 
energy (although limited 
energy) even when oxygen 
is absent. 


Anaerobie Fermentation 



When oxygen is in short supply, 
pyruvic aeid is eonverted into laetie aeid. 









The laetie aeid then travels through the 
bloodstream to the liver, where it is stored 






Later, during a period of rest when 
oxygen beeomes available, the laetie 
aeid is eonverted baek into pyruvic 
aeid. At that point, the pyruvic aeid 
ean enter the series of reaetions 
in aerobie respiration. 












































































Aerobie Respiration 



When oxygen is available, 
pyruvic aeid enters the 
mitoehondria and is eonverted 
into aeetyl eoenzyme A 
(aeetyl CoA). 
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This is follovved by another series of reaetions 
ealled the eleetron-transport ehain. 


Eleetron-transport ehain 






The end result of all these reaetions is the 
eomplete breakdovvn of glucose into earbon 
dioxide, vvater, and most importantly, large 

amounts of ATP. 


co 2 + h 2 o + 


Energy 
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This begins a series of reaetions knovvn 




Oitrie aeid eyele 
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The Body AT WORK 

Because most eells depend on a steady supply of 
glucose for fue[ the body uses several 
meehanisms to maintain a eonsistent level of 
glucose in the blood. These meehanisms include 
giyeogenesis, glyeogenolysis, and 
giaeoneogenesis. 


• Glyeogenesis: When the amoant ofglucose in 
the blood exceeds the body's needs, hormones 
stimulate the liver to eonvert glucose into 
glyeogen, vvhieh is then stored in the liver. 

• Glyeogenolysis: When blood glucose levels fall, 
such as betvveen meals, glyeogen stored in the 
liveris broken dovvn into gìaeose. The glucose 
diffuses into the bloodstream for use by the 
body's eells. 

• Gliieoneogenesis: The bodyalso has the ability 
to ereate glucose from nonearbohydrates, such 
as fats and amino aeids. This mainly occurs in 
the liver. 


FAST FACT 


Most body eells draw on energy supplied 
by both earbohydrates and fat; some eells, 
though—such as neurons and 
erythroeytes—depend exclusively on 
earbohydrates for energy. 



To remember the terms related for the formation and 
breakdovvn ofglyeogen and giaeose, keep the follovving in 
mind: 

• Genesis means "to ereate." 

• Lysis means "to break dovvn." 

• Neo - means "nevv." 

Therefore, glyeogenesis means "the ereation ofglyeogen." 
Glyeoneogenesis means "theereation ofnevvglyeogen." 
Glyeogenolysis means "the breakdovvn ofglyeogen." 






























































































Lipid Metabolism 


Fats account for most of the body’s stored energy. The 
breakdown of fat produces more than twice as much energy 
as the breakdown of earbohydrates. 


Adipose 

tissue 



When needed for energy, fat molecules stored 
in adipose tissue are hydrolyzed into 
glyeerol and three molecules of fatty aeid. 



Glyeerol enters the glyeolysis pathway 
and yields a small amount of energy. 





Fatty aeids, on the other hand, are a much rieher 
source of energy. First, fatty aeids are 
broken down to form aeetyl CoA. 



Aeetyl CoA then proeeeds 
through the eitrie aeid eyele and 
eleetron-transport ehain to yield 
large amounts of energy. 
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The Body AT WORK 

When the body rapidly metabolizes fat, an excessive 
number ofaeetyl CoA units are formed. (A particular 
instanee in vvhieh the body rapidly metabolizes fat is in 
diabetes mellitus. In this situation, the laek ofinsulin 
keeps glucose from entering eells, foreing the eells to 
burn fat for energy.) The liver handles the large supply 
ofaeetyl CoA by grouping some ofthe units together 
to form ketone bodies. iffateatabolism continues, the 
ketone bodies vvill begin to accumulate, resulting in a 
pH imbalanee knovvn as ketoaeidosis. 


FAST FACT 


Although lipid eatabolism 
follows the same pathway as 
earbohydrate eatabolism, 

1 gram of fat produces 
9 Calories of energy, as 
opposed to earbohydrates, 
which yield about 4 Calories 
for the same amount. 
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Protein Metabolism 

Whereas earbohydrates and fat are mainly used to supply energy, proteins are primarily used to build tissue. Protein 
anabolism plays a signifìeant role in the growth and maintenanee of the body: new proteins are used to repair tissue, replaee 
worn-out eells (including red blood eells), ereate enzymes, grow muscle, and synthesize antibodies, among many other 
things. 
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When food eontaining 
protein is digested... 


...the proteins are broken down 
into individual amino aeids to 
ereate a pool of amino aeids. 


o o 


Within the eells, ribosomes pull amino 
aeids from the amino aeid pool and 
reeombine them to form new proteins. 
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Proteins may also be eatabolized: eonverted to glucose and fat or used direetly as fuel. Before that happens, however, the 
amino aeids must be altered in the liver. 



The liver splits an amino group (NH 2 ) 
from an amino aeid (ealled deamination), 
forming a molecule of ammonia and a 
molecule of keto aeid. 



The keto aeid may then enter the 
eitrie aeid eyele, where it is 
oxidized for energy; it may also be 
eonverted to glucose or fat. 




llrine 


The liver eonverts the ammonia, which is toxic 
to eells, to urea, a nitrogenous waste product 
that is excreted through urine by the kidneys. 
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The Body AT WORK 

The body doesn't store amino aeids orproteins iike it does fat or earbohydrates; therefore, 
protein tarnover must occur continually. Remarkably, in healthy adaìts, theamountof 
protein being broken down equals the amountofprotein being ereated. This state—in 
which the rate ofprotein anabolism equals the rate ofprotein eatabolism—is ealled 

protein balanee. 

Reeall that the eatabolism ofproteinyields nitrogenous waste products. Therefore, if 
the body is in protein balanee, it's also in nitrogen balanee: the amount ofnitrogen being 
consumed in the form ofprotein-eontaining foods equals the amoant ofnitrogen being 
excreted in urine, feees, and sweat as a waste product. 

When more proteins are being eatabolized than are being ereated—such as daring 
starvation orawasting illness—the amountofnitrogen in the urine exceeds the amount 
ofnitrogen in the protein foods ingested. In this instanee, the body is said to be in a state 
ofnegative nitrogen balanee. 

On the other hand, ifthe amountofnitrogen being consumed through foods is greater 
than the nitrogen output in urine, the body is in a state ofpositive nitrogen balanee. 

This situation—in which protein anabolism outpaces protein eatabolism—occurs when 
large amounts oftissue are being synthesized, such as daring periods ofgrowth, daring 
pregnaney, or when reeovering from a wasting illness. 


FAST FACT 


Ammonia is so toxic 
that, if a diseased 
liver fails to remove 
this nitrogenous 
waste product, eoma 
and death will soon 
result. 




















































423 



A key faetor in homeostasis is the maintenanee of body temperamre within a narrow range. For this to occur, heat 
production must balanee heat loss. This is known as thermoregulation. 

Normal body temperature is not statie. Rather, it fluctuates about 1.8° F (1° C) through the course of a day, being lowest 
in the early morning and highest in the late afternoon. Body temperature also varies from one region of the body to another. 
Speeifieally, temperature of the deeper body regions—such as that of organs in the eranial, thoraeie, and abdominal 
eavities—ranges from 99° F to 99.7° F (37.2° C to 37.6° C). Temperature eloser to the body’s surface—such as that of the 
skin and mouth—ranges from 97.9° F to 98.6° F (36.6° C to 37° C). The temperature of the body’s deeper regions, known 
as eore temperature, is obtained with a reetal thermometer. The temperamre near the surface, ealled the shell temperature, 
is obtained with an oral thermometer. 


Heat Production and Loss 

Most of the body’s heat results as a by-product of the ehemieal reaetions occurring in eells. 
The eells of the muscles, brain, liver, and endoerine glands provide the greatest portion of 
heat when the body is at rest. While skeletal muscles provide 20% to 30% of the heat when 
the body is at rest, this pereentage inereases dramatieally during vigorous exercise. 

To balanee the production of heat, the body loses heat by three means: radiation, 
conduction, and evaporation. 



Radiation involves the transfer of heat through the air by eleetromagnetie heat vvaves. An 
example of gaining heat by radiation would be standing in bright sunlight. Because our 
bodies are typieally warmer than the air around us, we tend to lose heat through radiation. 



Conduction involves the transfer of heat between two materials that touch eaeh other. In 
other words, heat passes out of our bodies and into objeets that we touch, such as our 
elothes. (The reason a ehair is warm immediately after someone has been sitting in it is 
because conduction has caused heat to pass out of the body and into the ehair.) A 
praetieal example is a spoon plaeed in a bowl of hot soup; after a while, the spoon will 
beeome hot through the proeess of conduction. Conductive heat loss ean be aeeelerated 
by eonveetion, which is the transfer of heat by the actual movement of the warmed 
matter. For example, heat rises from the body just as steam rises from hot eoffee. As the 
hot air rises, it is replaeed by eooler air. 



Evaporation requires heat to ehange water into a gas.That's why perspiration ean 
effeetively eool the body. Sweat causes the skin to beeome wet; then, as evaporation 
occurs, heat is drawn from the body. 
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Regiilation of Body Temperature 

Several negative feedbaek meehanisms regulate the body’s temperature. 


The hypothalamus 
aets as the body's 
thermostat: it 
monitors the 
temperature of the 
blood and sends 
signals to blood 
vessels and sweat 
glands. 




When the body temperature rises too high, 
the hypothalamus signals cutaneous blood 
vessels to dilate. More warm blood flows 
elose to the body's surface, and heat is lost 
through the skin. 





When the body temperature falls below 
normal, the hypothalamus signals 
cutaneous blood vessels to eonstriet. 
Instead of flowing to the skin, warm blood 
remains eonfined deep in the body. As a 
result, less heat is lost through the skin. 



If the temperature remains 
high, sweat glands produce 
sweat, and the evaporation 
of sweat produces eooling. 





If the temperature remains below 
normal, the body begins to shiver. 
Muscle eontraetions assoeiated 
with shivering release heat and 
raise the body's temperature. 






The Body AT WORK 



Becouse nevvborn infonts don't hove the obility to 
shiver, their bodies use o meehonism eolled 
nonshivering thermogenesis to produce heot. A type 
ofodipose tissue eolled brovvn fot mokes up obout 5% 
ofo nevvborn's bodymoss. Ifo nevvborn's temperoture 
drops too lovv, the nevvborn's body breoks dovvn brovvn 
fot to releose o eonsideroble omountofheot. 


FAST FACT 


Both muscle mass and the number of superficial 
blood vessels deeline with age, making 
thermoregulation less effieient in elderly 
individuals. This plaees them at greater risk for 
developing hypothermia during eold weather and 
heat-related disorders during hot weather. 


Life lesson: Heat-related disorders 

Exposure to extreme heat ean produce several disorders, including heat eramps, heat exhaustion, and heat stroke. 

• Heateramps are painful nrmsele spasms resulting from an excessive loss of eleetrolytes through sweat, usually following 
strenuous exercise. 

• Heatexhaustion may develop following prolonged exposure to high temperatures without adequate fluid replaeement. 
Symptoms include dizziness, headaehe, muscle eramps, nausea or vomiting, and fainting. People prone to heat 
exhaustion include the elderly, people with high blood pressure, and people working or exercising in a hot 
environment. 

• Heatstroke is a life-threatening eondition that occurs when the body's temperature reaehes 104° F (40° C) or higher. 
Caused by high environmental temperatures or strenuous physieal aetivity, heat stroke requires immediate medieal 
attention to avoid brain damage, organ failure, or death. Symptoms include hot, dry, flushed skin; headaehe; rapid 
heart rate; and muscle eramps or weakness. Seizures, hallucinations, or unconsciousness may also occur. 

• Hypothermia occurs when the body's temperature falls below 95° F (35° C).Typically caused by exposure to eold 
weather or immersion in eold water, symptoms include shivering, laek of eoordination, slurred speeeh, confusion, and 
drowsiness. The confused thinking assoeiated with hypothermia usually keeps the person from being aware of his 
eondition. If body temperature drops below 90° F (32.2° C), death usually occurs. 




































425 



Aerobie: Proeesses that require oxygen 

Anaerobie: Proeesses occurring without 
oxygen 

Basal metabolie rate: The amount of 
energy the body needs at rest 

Calorie: The amount of heat needed to 
raise the temperature of 1 gram of 
water by 1° Celsius 

Carbohydrates: The bodys primary 
energy source 

Complete protein: Foods that supply 
all the essential amino aeids 

Essential fatty aeid: Fat that must be 
obtained through the diet 


Essential nutrients: Nutrients essential 
in the diet because they eannot be 
synthesized by the body 

Ghrelin: Fiormone seereted by eells in 
the stomaeh that stimulates appetite. 

Glyeolysis: The breakdown of 
earbohydrates for energy 

ineomplete proteins: Foods that laek 
one or more essential amino aeids 

Lipids: Fats that aet as a reservoir of 
excess energy 

Metabolism: Chemical proeesses 
occurring in eells that transform 
nutrients into energy or into materials 
the body ean use or store 


Mineral: An inorganie element or 
compound needed for numerous vital 
functions 

Nonessential amino aeids: Amino aeids 
the body ean synthesize, making them 
nonessential in the diet 

Nutrients: Usable food eomponents 
that supply the body with ehemieals 
neeessary for energy 

Vitamins: Vital nutrients, obtained 
mostly through food and needed for 
metabolism 



To make the information in this ehapter part of your 
working memory, take some time to refleet on what you’ve 
learned. On a separate sheet of paper, write down 
everything you reeall from the ehapter. After youre done, 
log on to the DavisT/z/j website, and eheek out the Study 
Group podeast and Study Group Questions for the ehapter. 


Key Topies for Chapter 21: 

• Units of energy 

• Hunger and satiety 

• Nutrients 

• Metabolism of earbohydrates, lipids, and proteins 

• Thermoregulation 
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1. Which statement about basal 
metabolie (BMR) rate is 
accurate? 

a. BMR is fìxed at birth. 

b. BMR tends to be higher in 
females. 

e. A person's size affeets his 

BMR. 

d. Eating a large meal 
temporarily slows BMR. 

2 . Which hormone stimulates the 
appetite? 

a. Ghrelin 

b. Leptin 

e. Peptide YY 

d. Cholecystokinin 

3 . In the body, what stores the 
greatest amount of energy in the 
smallest amount of spaee? 

a. Vitamins 

b. Protein 

e. Fat 

d. Glucose 

4 . Nonessential amino aeids are: 

a. not neeessary for metabolie 
proeesses. 

b. synthesized by the body. 

e. not neeessary for the synthesis 
of new proteins. 

d. unavailable in most foods. 


5 . Which of the following is a 
digestible polysaeeharide? 

a. Stareh 

b. Glucose 
e. Cellulose 

d. Maltose 

6 . An ineomplete protein is one that: 

a. eannot be broken down 
eompletely. 

b. laeks one or more essential 
amino aeids. 

e. eomes mainly from animal 
sources. 

d. is manufactured by the body 
and, therefore, not neeessary in 
the diet. 

7 . The major nitrogenous waste 
resulting from protein metabolism 
is: 

a. earbon dioxide. 

b. keto aeid. 

e. fluoride. 
d. urea. 











Answers: Chapter 21 

1. Correct ansioer: C. BMR is higher in those who are 
larger or have more mtisele mass. It is not fìxed at 
birth. BMR is higher in males. Eating inereases 
BMR as the body proeesses the ingested food. 

2. Correct anstoer: a. All the other hormones listed 
stippress the appetite. 

3. Correct anstoer: e. All of the other answers are 
ineorreet. 

4. Correct ansioer: b. Nonessential amino aeids are 
neeessary for metabolie proeesses, but because they 
are synthesized by the body, they are not neeessary 
in the diet. Nonessential amino aeids are neeessary 
for the synthesis of new proteins. 

5. Correct ansioer: a. Glucose is a monosaeeharide. 
Cellulose is a polysaeeharide, but it is not 
digestible by humans. Maltose is a disaeeharide. 

6. Correct ansioer: b. ineomplete proteins are broken 
down into individual amino aeids, just like 
eomplete proteins. ineomplete proteins are mainly 
found in plant sources. ineomplete proteins are 
obtained through food, as opposed to being 
manufactured by the body. 

7. Correct ansiver: d. Carbon dioxide results from 
protein metabolism; however, it is not a 
nitrogenous waste. Keto aeid results (along with 
ammonia) when the liver splits an amino group 
from an amino aeid during protein eatabolism. 
Fluoride is a mineral found in the diet. 

8. Correct ansioer: e. All of the other statements 
pertain to fat-soluble vitamins. 

9. Correct ansioer: e. Convection is the transfer of 
heat by the actual movement of the warmed 
matter, such as heat rising from the body. Heat 
loss through radiation occurs as we lose warmth to 
the air around us. Evaporation involves the 
evaporation of water, which earries heat with it. 

10. Correct ansioer: a. Starehes are complex 

earbohydrates and are obtained through food. 
Carbohydrates are not eonverted to proteins. 

Excess earbohydrates are stored in the body as fat. 


8 . Which statement about water- 
soluble vitamins is true? 

A defìeieney may result from a 
very-low-fat diet. 
b. They include the vitamins A, 
D, E, and K. 

e. They are excreted by the 
kidney through urine and 
must be replaeed daily. 

d. They are stored in the liver 
and fat tissues of the body. 

9 . Sitting on the eold ground causes 
heat loss through: 

a. eonveetion. 

b. radiation. 

e. conduction. 
d. evaporation. 


10. All ingested earbohydrates are 
first eonverted to: 

. glucose. 
b. stareh. 
e. protein. 
d. fat. 
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„ Go to http://davisplus.fadavis.com Keyvvord: 

L/3VÌSr lAÀÁÍ | Thompson to see all ofthe resources available 

with this ehapter. 
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CHAPTER OLITLINE 

Building a Mierobiome 
Components of the Mierobiome 


LEARNING OUTCOMES 

1. Deseribe the findings of the Human 
Mierobiome Projeet. 

2. Explain how an individual acquires a 
mierobiome. 

3. Deseribe the eomponents of a mierobiome, 
including how mierobiomes differ aeross sites 
on the body as well as between individuals. 

4. Identify the structural eomponents of baeteria. 

5. Identify the structural eomponents of vimses. 

6. Explain how a dismption in the mierobiome 
ean occur. 

7. Deseribe some of the ways a disruption in the 
mierobiome ean affeet health. 



Ninety pereent ofthe eells in the human hody are baeterialy 
ftingal, or otherwise nonhtiman. 


For deeades, baeteria have been viewed as foreriinners of disease, something to be avoided or eradieated. In actuality, every 
healthy adult houses more than 100 trillion mieroorganisms. In other words, mierobes outnumber human eells by 10 to 1. 
This community of mierobes—known as the human mierobiome—is essential for human life, so much so that many 
experts say it should be eonsidered an organ system in its own right. 

Although seientists have long been aware that baeteria live on the human body, many of these mierobes resist being 
cultured and grown in a laboratory. It wasn’t until the advent of sophistieated DNA sequencing teehnology, and the 
subsequent eompletion of the Human Mierobiome Projeet, that seientists caught a glimpse of this unseen world. (See “Life 
lesson: The Human Mierobiome Projeet” on the next page.) 



The individual mieroorganisms found within the mierobiome 
work eonstantly on our behalf: They digest food, synthesize 
vitamins, and form a barrieade against disease-causing baeteria. 
Reeent researeh suggests that baeteria even alter brain ehemistry, 
which could affeet mood and behavior. 

Furthermore, when the eomposition of the mierobiome is 
dismpted, such as by an excess of a speeifie baeteria or, more 
often, through the use of broad-spectrum antibioties, disease ean 
result. In faet, imbalanees in the mierobiome are being linked to 
such disorders as diabetes, heart disease, asthma, multiple 
selerosis, and even obesity. 

This view of the body as a vast, ehangeable eeosystem is 
gradually altering how medieine is praetieed. Instead of simply 
eombating baeteria, praetitioners are reeognizing the need to 
cultivate and nurture the baeterial communities within our 
bodies. 


FAST FACT 


If gathered together, the mieroorganisms 
that inhabit the human body would occupy 
a spaee about the size of the liver and weigh 
approximately 3 pounds. 
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Life lesson: The Hmnan Mierobiome Projeet 

After successful eompletion of the Human Genome Projeet, the National lnstitutes of Health deeided to use DNA 
sequencing teehnology to study the mierobial population of healthy adults. So, for 5 years, seientists followed 242 
healthy adults, periodieally sampling baeteria from 15 or more sites on the subjects' bodies, including their mouths, 
nasal passages, skin, stool, and, in women, vaginas. The study, known as the Human Mierobiome Projeet, was 
eompleted in 2012, and seientists are still eoming to terms with the results. 

Speeifieally, the study revealed the existence of a vast, organized system of mierobes within healthy adults. This 
system, known as a mierobiome, eonsists of more than 100 trillion mieroseopie life-forms. Most appear to be baeteria, 
although viruses and even fungi are included. The diversity of baeteria within the mierobiome is staggering; thus far, 
more than 10,000 speeies have been identified, and seientists are still analyzing mieroorganisms that have never before 
been successfully cultured or identified. One surprising finding was that nearly everyone earried baeteria known to 
cause disease. However, instead of causing illness, they coexisted peacefully with the rest of the mierobiome, 
prompting seientists to rethink current eoneepts of how disease occurs. 

What is elear is that every person's body eontains numerous mierobial communities. Eaeh community seems 
to be eharged with a distinet set of metabolie tasks, such as the digestion of sugars in the mouth or of complex 
earbohydrates in the intestines. The eomponents of eaeh eomnrmnity vary widely aeross loeations. For example, the 
mouth eontains a rieh diversity of baeteria, whereas the mierobiome in the vagina eontains far fewer speeies. 

Adding complexity, the speeifie inhabitants of eaeh community vary between individuals: Baeteria found in 
abundant numbers in one person's mouth, for example, may be searee in another person's. Even more interesting, 
different mierobes appear to perform the same tasks in different individuals. In other words, the intestines need a 
population of baeteria to digest fat; however, the speeifie speeies of baeteria performing that job ean vary between 
persons. 

Although researehers are just beginning to understand what all of these mierobes do, it is eertain they play an 
important role in maintaining human health. Preliminary evidenee suggests that when we eradieate a eertain speeies of 
baeteria or alter its relative population, we ean open the door to the development of any number of diseases, ranging 
from asthma to obesity. 
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The Body AT WORK 

Eaeh person earries a unique 
mixofpathogens. Consider 
this:Astudyanalyzed baeteria 
on the hands of51 
undergraduate students 
leaving an examination room. 
Eaeh studentcarried 
approximately3200 baeteria 
from 150 speeies on his or her 
hands. Hovvever, only five 
speeies were found on all 
students'hands; in addition, 
any two hands (even those 
belonging to the same person) 
had only 13% oftheir baeteria 
in eommon. 


Gastrointestinal traet 

4000 speeies 
800,000 genes 


Vagina 

300 speeies 
10,000 genes 



Nostrils 

900 speeies 
30,000 genes 


Teeth 

1300 speeies 
20,000 genes 


Mouth 

800 speeies 
70,000 genes 


FAST FACT 


The mierobial communities 
that live on the teeth are 
different from those that 
live in saliva. 


Mierobial speeies and genes inhabiting the body 
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The fìrst, eriieial step in the development of a mierobiome occurs when a newborn passes through the birth eanal. The 
newborn leaves the womb without a single mierobe. Then, during the birth proeess, baeteria from the mother’s vagina eoat 
the newborn. This allows mierobes to pass from mother to ehild, forming the basis of the newborn’s mierobiome. (See “The 
Body at Work” on the next page.) 

After birth, the mierobiome expands as the newborn pieks up baeteria from his or her immediate environment—other 
people, food, elothing, furniture, pets, and even the air. As the ehild grows, the mierobiome beeomes more complex. At the 
same time, the mierobiome seems to boost development of the immune system. If something dismpts the vibraney of the 
mierobiome, such as the use of broad-spectrum antibioties, health seems to suffer. Aeeording to researehers, ehildren who 
take high levels of antibioties have a higher risk for the development of allergies and asthma. 





Other people 
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The Body AT WORK 

During pregnoney, the baeterial eommanity vvithin a vvoman's vagina ehanges signifieantly as itprepares for the 
nevvborn's passage. Normally abundantspeeies beeome rare, vvhile onee-rare speeies begin to proliferate. Baeteria 
not normally found in the vagina also take up residenee. 

Forexamp!e, one reeentstudy diseovereda sizablepopulation ofa baeteriam ealled Lactobacillus johnsonii. This 
baeteriam normally resides in the gut, vvhere itproduces enzymes that digest milk. Its appearanee in the vagina 
seemed unusual until researehers eonsidered that the neonate would be eoated with, and ingest, the baeteria daring 
the birth proeess. They then concluded that the L. johnsonii would inoculate the newborn andprepare him or her to 
digestmilk. 

Mothers furthercontribute to theirehildren's mierobiomes when they breastfeed. A reeent study of laetating 
women showed that the subjects'breast milk eontained 1600 speeies ofbaeteria along with sugars 
(oligosaeeharides) that infants eannot digest. The sugar nourishes benefieial gut baeteria, helping good baeteria 
proliferate, which, in turn, inhibits thegrowth ofharmful baeterial speeies. 


TFACT 



Infants delivered by eesarean seetion— 
and who, therefore, laek many mierobes 
routinely passed from mother to ehild— 
have a much higher ineidenee of 
allergies and asthma than do ehildren 
delivered by vaginal birth. 


Life lesson: Baeteria may prevent sintisitis 

The sirrns passages of a person with sinusitis are typieally inhabited by some 900 strains of baeteria. Remarkably, 
a healthy person has even more—1200 speeies. Experts think that the other members of the baeterial 
eomnrmnity help keep the infeetion in eheek. 

Speeifieally, one study found that the bacterium Lactobacillus sakei may be a key player in warding off the 
eondition: Persons with this particular mierobe had a far lower ineidenee of sinusitis. Unfortunately, L . sakei is 
destroyed by antibioties, leading some to speculate that frequent antibiotie use may actually set the stage for the 
development of sinusitis. 


ST FACT 


Because ehildren acquire signifieant 
eomponents of their mierobiomes from 
their mothers, some experts theorize that 
diseases that appear to be genetie, but 
whose causative genes ean t be loeated, 
really are heritable; it s just that the 
genes causing the disease are baeterial. 



FAST FACT 


By the age of 18 years, the average 
Ameriean ehild has reeeived from 10 to 
20 courses of antibioties. 
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Components of the Mierobiome 

Baeteria make up the bulk of the human mierobiome, although viruses and fungi have also been identified. We also know 
that baeteria, virnses, and fungi ean cause illness. Currently, seientists don’t elearly understand how the body determines 
which mierobes to kill and which mierobes to nourish. 

Baeteria 

Baeteria—the ehief inhabitants of the mierobiome—are single-eelled mieroseopie organisms. They eome in a variety of 
shapes and sizes and are found praetieally everywhere on earth. Indeed, baeteria ean be found in such extreme environments 
as voleanie vents and Antaretie iee. 


Baeteria laeka membrane-enelosed nucleus 
and organelles. Rather, baeterial DNA is 


grouped within the eell's eentral region. 


Some baeteria have flagella (singular: 
flagellum), which aid in motility. 


Some speeies of baeteria have a 
capsule: a gelatinous eovering that 
keeps the bacterium from drying out. 
The capsule also helps ward off attaek 
by larger mieroorganisms, including the 
body's white blood eells. For this reason, 
baeteria that have a capsule are more 
likely to cause disease eompared to 
those without a capsule. 


A rigid eell wall eomposed of a 
polysaeeharide molecule ealled 
peptidoglyean enelosesthe 
bacterium and gives the eell its shape. 
The eomposition of the eell wall varies 
widely between speeies, making it an 
important distinguishing faetor 
between baeterial types. (See"Life 
lesson: Identifying bacteria"on 
page 7.) 


The eytoplasmie membrane, 

eomposed of phospholipids and 
proteins, regulates the flow of materials 
into and out of the eell. 



Ribosomes synthesize proteins. 


Baeteria eontain small loops of 
DNA ealled plasmids that ean be 
transmitted from one bacterium to 


another, either direetly or through 
vimses. This ability to trade genes 
allows baeteria to be extremely 
adaptable. For example, genes that 
resist an antibiotie ean spread rapidly 
through a baeterial population. 


Many speeies of baeteria have small, 
hair-like projeetions ealled pili.These 
outgrowths allow baeteria to attaeh 
to other eells and surfaces (such as 
yourteeth). 
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Baeterial Shapes 

Most baeteria have one of three shapes: 








Cocci 

Cocci are round or spherieal. 



Baeilli 

Baeilli are rod-shaped. 


Some baeteria live singly; others exist in aggregates or clusters. 



Diploeoeei 

Diploeoeei are eoeei that exist in 
sets of two, whereas monoeoeei 
live singly. 



Staphyloeoeeí 

Staphyloeoeei are eoeei that 
occur in clusters. 







Spírilla 

Spirilla are spiral-shaped. 



Streptoeoeei 

Streptoeoeei are eoeei that exist 
in ehain form. 


:u 






Life lesson: Baeterial transplants 

Broad-spectrum antibioties ean be lifesavers. Unfortunately, they also annihilate good baeteria along with the bad. Onee 
treatment stops, there is no guarantee that the mierobiome will return to normal. The dismpted baeterial eeosystem 
then allows harmful baeteria to invade. Onee in plaee, they ean proliferate with abandon, unchecked by the good 
baeteria. 

One particularly vicious bacterium that may invade a person's gut following a course of antibioties is Clostridium 
diffieile. Aeeording to the Centers for Disease Control and Prevention, C. diffieile affliets more than 330,000 persons in the 
United States eaeh year and results in 14,000 deaths. The infeetion, which usually affliets hospitalized patients, is very 
difficult to treat, and patients are left to suffer from intense diarrhea and abdominal pain. 

A major breakthrough in the treatment of this serious infeetion reeently occurred when researehers transplanted 
feees from a healthy individual into the intestines of patients with C. diffieile. Onee delivered (by way of an enema or 
eolonoseopy), the good baeteria multiplied rapidly, squeezing out the C. diffieile. Most patients felt signifieant 
improvement almost immediately. In faet, one reeent study involving 77 patients had an initial success rate of 91%. 
When the seven who didn't respond the first time were given a seeond transplant, six were cured. 

























435 









The Body AT WORK 

The organisms gathered daring the Human 
Mierobiome Projeet eontained about 8 million 
genes; this dvvarfs the 22,000 eontained in the 
human genome. Patanothervvay, forevery 
human gene in your body you also have 360 
mierobial genes. 

The function ofhalfthe mierobial genes remains 
a mystery. VVhatis eertain, though, is thatmierobial 
genes havejust as great an influence on health and 
the developmentofdisease as human genes do. 


Human genome 

22,000 genes 


Human mierobiome 

8,000,000 genes 


Life lesson: Identifying baeteria 

Gram staining—which involves applying dye to a baeterial sample—is almost always the first step in identifying the 
baeterial cause of an illness. Whether or not the baeteria retain the dye determines whether the baeteria will be 
elassified as gram negative or gram positive . Although the technique ean't identify the speeies of baeteria causing an 
illness, the faet that it provides immediate results ean be useful when making treatment deeisions. 



Peptidoglyean (eell wall) 


Cytoplasmic membrane 



Gram-positive baeteria 
Have a thiek layer of 
peptidoglyean in their eell 
walls, which retains the dye 
Stain purple 



Outer membrane 


Peptidoglyean (eell wall) 




Oytoplasmie membrane 


Gram-negative baeteria 

Have a eell wall eonsisting of 
a thin layer of peptidoglyean 
and an outer membrane 
Lose the dye when rinsed 
Appear red or pink after a 
counterstain is applied 


Because antibioties such as penieillin work by attaeking the peptidoglyean in the baeterial eell wall, they are more 
effeetive against Gram-positive baeteria. 


FAST FACT 


Penieillin interferes with a bacteriums ability to 
manufacture peptidoglyean. As a result, the eell 
wall beeomes fragile and bursts, killing the 
bacterium. Because human eells dont eontain 
peptidoglyean, they are not harmed. 
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Viruses 


Viruses are extremely small infectious agents, too small in most eases even to be seen under a light mieroseope. Unlike 
baeteria, virnses are not eells. They ean’t metabolize nutrients, produce or excrete wastes, or move around independently. 
They eant even reproduce on their own; to do so, they must be inside a host eell. Even so, virnses spark many human 
diseases, including smallpox, AIDS, influenza, eertain types of eaneer, and the eommon eold. 
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Nucleic aeid 



lndividual structural units ealled 
eapsomeres join together to form the 
eapsid. 


Some vimses have an additional layer 
surrounding the eapsid: a spikey lipid 
membrane ealled an envelope.The spikes 
help the vimses grip their target eell. 


Viruses are, simply, a bundle of genetie 
material (either DNA or RNA) 
surrounded by a protein shell ealled a 

eapsid. 


Spikes 


Viral Shapes 

The eapsid may assume one of three basie shapes: helieal, polyhedral, or complex. In eaeh ease, an envelope may, or may 
not, surround the eapsid. 



Helieal eapsid 

Helieal viruses eonsist of a strand of RNA 
spiraled within a protein eylinder.The rabies 
virus and Ebola virus are both helieal vimses. 
The influenza virus is a helieal vims with an 
envelope. 


DNA 



Capsid 


Polyhedral eapsid 

ln polyhedral vimses, the eapsid eonsists of 
many triangular faees that surround a strand 
of DNA. Adenovims is a polyhedral virus. 
Herpes vims is a polyhedral virus with an 
envelope. 



Complex eapsid 

Complex viruses are neither helieal nor 
polyhedral. Baeteriophages (which infeet 
baeterial eells) are complex viruses, eonsisting 
of a helieal sheath and a complex head 
eontaining DNA or RNA. A baeteriophage 
uses the tail fibers to attaeh to the surface of 
its host. It then uses the sheath like a syringe 
to injeet its nucleic aeid into the target eell. 


































Viral Replieation 

Left to themselves, viruses are inert. To replieate, they must invade a host eell and hijaek that eell’s metabolie ehemieals and 
ribosomes. 


When a virus encounters a host eell, it 
binds to the eell's surface. 


Nucleic aeid 
(DNA or RNA) 


Virns 




The eompleted vimses are 
released from the eell, 
often destroying the host 
in the proeess. 



Nucleus 


The virus then eommandeers the host 
eell's maehinery, and the host begins 
producing viral nucleic aeids instead of 
its own. Eaeh nucleic aeid is then 
eneased in a eapsid manufactured from 
the host's amino aeids. 


The virus then 
penetratesthe eell, 
either by fusing with the 
eell's membrane or by 
causing the eell to engulf 
it. Onee inside, the virus 
releases its DNA into the 
eell. 


ST FACT 


A single eell may 
produce from 10,000 to 
50,000 new viruses in as 

little as 48 hours. 


FAST FACT 


Virnses ean mutate rapidly. These frequent ehanges make it difficult 
to ereate effeetive vaeeines to proteet humans against infeetion. 
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Fiingi 

Fungi, which include molds and yeasts, live in the soil, on plants, and even in the air. Some fungi reproduce through tiny 
spores in the air, making it possible to inhale the spores or for them to land on your skin. Consequently, many fungal 
infeetions begin on the skin or in the lungs. 

Persons most likely to experience fungal infeetions include those with weakened immune systems or those taking 
antibioties. For example, when the mierobiome beeomes dismpted by a course of antibioties, a yeast-like fungus ealled 
Candida albieans —which normally resides on the skin as well as in the mouth, intestines, and vagina—ean overgrow, 
resulting in vaginitis or oral thrnsh. Athlete’s foot and ringworm are also fungal infeetions. 




The Body AT WORK 

Baeteria are mieroseopie, ranging in size from 
1 to 10 mierometers. In eontrast, vimses are 
u Itram ieroseopie; theyare measured in nanometers 
(nm). In faet, 2000 baeteriophages would fit into a 
single baeterial eell. 



O Baeteriophage 

Poliovirus 


Life lesson: A baeterial link to obesity 

The ineidenee of obesity has beeome epidemie in the United States, particularly among ehildren. Reeent seientifie 
findings suggest that in some instanees, obesity may result from dismption of the mierobiome in the gut. One 
study, for example, found that miee gained vveight rapidly after their intestinal mierobiomes were disrupted by 
antibiotie medieation. Given in doses eomparable to those used to treat ehildren with ear infeetions, the 
antibioties eradieated baeteria needed to metabolize ealories effieiently. Without the mierobes, the miee absorbed 
more ealories from the same amount of food and gained weight. 

The link between antibiotie ingestion and weight gain has been a well-known faet in the ranehing community 
for years. In faet, approximately three quarters of antibioties consumed in the United States are given to livestoek, 
not to treat illness but rather to promote rapid growth and weight gain. 

Although antibioties save lives and are a key weapon against baeterial infeetions, it is beeoming evident that 
antibioties also disrupt the mierobiome in ways still not eompletely understood. 





The Body AT WORK 

Experts have long maintained that infectious disease occurs when a mieroorganism known to cause disease (ealled 
a pathogen invades the human body through a portal of entry (such as a break in the skin or the respiratory, 
gastrointestinal, or genitourinary traet). However, the focus on one pathogen as the cause ofa particular disease is 
beginning to ehange. 

It's now elear that nearly everyone earries pathogens within the mix ofthe mierobiome. In healthy individuals, 
potentialpathogens coexistpeacefully within the mierobiome andproduce no ill effeets. Researeh is ongoing as 
seientists seek to diseover why, and under whatconditions, some pathogens trigger illness. Findings are beginning to 
show that what matters is not a particular bacterium, but the function ofthe mierobiome as a whole. 
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Baeilli: Rod-shaped baeteria 

Baeteria: Single-eelled mieroseopie 
organisms that are the ehief 
inhabitants of the mierobiome 


Gram stain: Staining technique used to 
elassify baeteria into one of two groups 

Human mierobiome: Mierobial 
makeup of healthy humans 


Portal of entry: Pathway by which 
infectious organisms gain aeeess to the 
body 

Spirilla: Spiral-shaped baeteria 


Capsid: Protein shell that surrounds 
viral genetie material 

Capsomeres: Individual structural 
units forming the viral eapsid 


Mierobe: Mieroseopie organism, Virus: Ultramicroscopic pathogen 

including baeteria, virnses, and fungi eonsisting of a nucleic aeid within a 

„. . protein shell 

Pathogen: Uisease-causing 

mieroorganism 


Capsule: Gelatinous eovering that 
keeps the bacterium from drying out 

Cocci: Round- or spherieal-shaped 
baeteria 


Plasmids: Small loops of DNA 
eontained within baeteria that allow 
them to transmit DNA from one eell 
to another 



To make the information in this ehapter part of your 
working memory, take some time to refleet on what you’ve 
learned. On a separate sheet of paper, write down 
everything you reeall from the ehapter. After you’re done, 
log on to the DavisA/í/j website, and eheek out the Study 
Group podeast and Study Group Questions for the ehapter. 


Key Topies for Chapter 22: 

• Findings of the Human Mierobiome Projeet 

• How individuals acquire their mierobiomes 

• Role of the mierobiome in health and disease 

• Components of the mierobiome 

• Effeet of antibioties on the mierobiome 

• Structural eomponents of baeteria 

• Structural eomponents of virnses 

• How virnses replieate 


CHAPTER 22 Human Mierobiome 







1. What was the goal of the Human 
Mierobiome Projeet? 

a. To sequence the human 
genome 

b. To identify disease-causing 
mieroorganisms 

e. To identify mieroorganisms 
residing within and on healthy 
adults 

d. To diseover whether baeteria 
eontain DNA 

2. The Human Mierobiome Projeet 
diseovered that healthy adults: 

a. harbor more baeterial eells than 
they have human eells. 

b. harbor a signifieant number of 
baeterial eells but still have 
more human eells than baeterial 
eells. 

e. have no baeterial eells, 
eonfìrming that baeteria cause 
disease. 

d. harbor very few baeterial eells. 

3. How does a person’s mierobiome 
normally develop? 

a. The mierobiome begins to 
develop in the womb, as 
baeterial eells eross the 
plaeenta. 

b. The mierobiome begins to 
develop at age 3 months. 

e. Irmrmnizations are neeessary 
to trigger the development of 
the mierobiome. 

d. The mierobiome begins to 
develop as the infant passes 
through the birth eanal. 

4. Which statement about the 
human mierobiome is most 
accurate? 

a. Every healthy adult earries a 
mix of mieroorganisms that is 
basieally similar, except for a 
few minor variations. 


b. The eomponents of the 
mierobiome are basieally the 
same from one part of the 
body to another. 

e. The eomponents of the 

mierobiome vary eonsiderably 
between sites on the body and 
between individuals. 

d. A healthy mierobiome 
should be free from any 
disease-causing baeteria. 

5. Which statement about baeteria 

is most accurate? 

a. Baeteria are mieroseopie eells 
that eontain a nucleus and 
organelles. 

b. The one eonsistent feature 
among all baeterial speeies is 
the eomposition of the eell 
wall. 

e. Baeteria have the ability to 
transmit DNA from one 
bacterium to another. 

d. All baeteria have the same 
basie shape. 

6 . What effeet do baeterial genes 

have on human health? 

a. Baeterial genes exert some 
effeet, although human DNA 
exerts a greater effeet. 

b. Baeterial genes have just as 
great an influence on human 
health as human genes do. 

e. Baeteria within the 
mierobiome stay within their 
own community; therefore, 
their genes do not influence 
health. 

d. Baeteria do not have genes. 
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Ansivers: Chapter 22 

1. Correct ansioer: C. The Human Genome Projeet 
sequenced the human genome. Seientists have 
been aware of baeteria that cause disease for some 
time, and that was not the goal of this projeet. 
Seientists already knew that baeteria eontain 

DNA. 

2. Correct ansiver: a. The Human Mierobiome 
Projeet diseovered that healthy adults house more 
than 100 trillion mieroorganisms, most ofwhich 
are baeteria. This means that mierobes outnumber 
human eells by 10 to 1. Although baeteria ean 
cause disease, these adults were healthy, which 
showed that baeteria play a benefìeial role within 
the body. 

3. Correct ansiver: d. The newborn leaves the womb 
without a single mierobe. The mierobiome begins 
to develop during the birth proeess, as the 
newborn is exposed fìrst to baeteria within the 
vagina and later to mierobes within the 
environment. Immunizations proteet newborns 
against eertain diseases; they do not trigger 
development of the mierobiome. 

4. Correct ansiver: e. The eomponents of the 
mierobiome vary eonsiderably between sites on the 
body and between individuals. The Human 
Mierobiome Projeet also diseovered that nearly 
everyone in the study earried known disease- 
causing baeteria despite being healthy. 

5. Correct ansiver: e. Baeteria are mieroseopie eells, 
but they have neither a nucleus nor organelles. 

The eomposition of the eell wall varies widely 
among speeies of baeteria, making it an important 
distinguishing faetor. Baeteria occur in a variety of 
shapes, the most eommon of which are round 
(eoeei), rod-shaped (baeilli), or spiral-shaped 
(spirilla). 

6. Correct ansiver: b. Mierobial genes outnumber 
human genes 360 to 1; therefore, they exert a 
greater influence on human health. Baeteria do 
not isolate themselves within a particular 
community. Baeteria eontain DNA, so, therefore, 
they eontain genes. 

7. Correct ansioer: d. The eell wall gives the eell its 
shape. The eytoplasmie membrane regulates the 
flow of materials into and out of the eell. 
Ribosomes synthesize proteins. 

8. Correct ansiver: a. All of the other answers 
deseribe baeteria. 

9. Correct ansiver: d. An excess of a speeifìe baeteria 
ean disrupt the eomposition of the mierobiome; 
however, the most eommon way it is dismpted is 
through the use of broad-spectrum antibioties. A 
viral infeetion has not been shown to disrupt the 
mierobiome, and neither has the ingestion of 
aleohol. 

10. Correct ansiver: d. imbalanees in the mierobiome 
have been linked to a number of disorders, 
including asthma, heart disease, and obesity. 


7. What purpose does the capsule 

serve in baeteria? 

a. It gives the eell its shape. 

b. It regulates the flow of 
materials into and out of the 
eell. 

e. It synthesizes proteins. 

d. It helps ward off attaek by 
larger mieroorganisms. 

8 . Which statement most accurately 

deseribes viruses? 

a. Virnses are not eells but, 
rather, are a bundle of genetie 
material surrounded by a 
protein shell. 

b. Virnses are single-eelled 
mieroseopie organisms that 
inhabit almost every 
environment on earth. 

e. Virnses are often eategorized 
through Gram staining. 

d. Virnses have a eell wall that 
eonsists of peptidoglyean. 


9. What is the most eommon way a 
person’s mierobiome ean beeome 
dismpted? 

a. Acquisition of a baeterial 
infeetion 

b. Acquisition of a viral infeetion 
e. Ingestion of aleohol 

d. Use of broad-spectrum 
antibioties 

10. imbalanees in the mierobiome 
have been linked to which of the 
following disorders? 

a. Asthma 

b. Heart disease 

e. Obesity 

d. All of the above 



. Go to http://davisplus.fadavis.com Keyword: 

1J3.VÌSr | Thompson to see all ofthe resources available 

with this ehapter. 
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LEARNING OUTCOMES 

1. Differentiate betvveen primary and seeondary 
sexorgans. 

2. Deseribe the structure and function of the 
testes and the male aeeessory glands. 

3. Deseribe the structure and function of the 
penis. 

4. Explain the proeess of male puberty and 
identify the hormones that play a role in 
puberty. 

5. Explain the proeess of spermatogenesis. 

6. Deseribe the eomponents of semen. 

7. Traee the path taken by sperm from formation 
to ejaculation. 

8. Deseribe the four phases of the male sexual 
response. 

9. Deseribe the structure and function of the 
ovaries. 


10. Deseribe the structure and function of the 
fallopian tubes, uterus 7 and vagina. 

11. Identify the structures of the female external 
genitalia. 

12. Deseribe the structures of the female breast. 

13. Explain the proeess of female puberty and 
identify the hormones that play a role in 
puberty. 

14. Identify the tvvo interrelated eyeles of the 
female reproductive eyele. 

15. Discuss the events of the ovarian eyele. 

16. Discuss the phases of the menstmal eyele. 

17. Deseribe the four phases of the female sexual 
response. 























ehapter 





'i f 


■ líril M.lfí! I f' 


. p t n i 






The reprodtietìve system is the only hody system that doesnt 
heeome fully fiinetìonal untìl puberty. 


Obviously, the survival of any speeies depends upon its ability to reproduce. Some organisms replieate by simply 
splitting in two. With humans, though, it’s a bit more eomplieated. As opposed to the asexual reproduction of some 
organisms, human reproduction is sexual, meaning that it requires both a male and a female to reproduce. In this 
proeess, sex eells from the male and female fuse together to form an offspring having genes contributed by eaeh 
parent. In other words, eaeh human offspring is genetieally different from his or her parents. 

Structurally, the reproductive systems of males and females dififer signifieantly from eaeh other. Regardless, both 
systems are designed for a speeifie series of events that range from the genesis of sex eells to the birth of a baby. 




The reproductive system eonsists of both primary and seeondary organs. Basieally, primary sex organs produce and 
house sex eells, while seeondary sex organs provide the route by which sex eells unite. 

Seeondary sex organs 

Seeondary sex organs eneompass all other organs 
neeessary for reproduction. 

In males, this includes a system of ducts, glands, 
and the penis, all of which are eharged with storing 
and transporting sperm. 

In females, the seeondary sex organs are 
eoneerned with providing a loeation forthe uniting 
of egg and sperm as well as the environment for 
nourishing a fertilized egg. 


Primary sex organs 

• Primary sex organs are ealled gonads; they include: 

• testes in males 

• ovaries in females 

• The gonads produce sex eells (gametes); these 
include: 

• sperm in males 

• eggs (ova) in females 


FAST FACT 


The sexual and parenting 
instinets are among the most 
powerful of all human drives. 



























The male reproductive system serves to prodiiee, transport, and introduce mature sperm into the female reproductive traet, 
which is where fertilization occurs. 

Testes 

The penis and the scrotum (a tissue sae hanging behind the penis) are the external portions 
of the male reproductive system. Inside the scrotum reside two testes, the organs that 
generate sperm and seerete the male sex hormone testosterone. 



Vas deferens 


Venous netvvork 


Epididymis 


The eremaster muscle surrounds the 
spermatie eord and testes. In eold vveather, it 
eontraets to draw the testes eloser to the body 
for warmth. (See"The Body atWork"on this 
page.) 


Dartos faseia 


Serotal skin 


Extending from the abdomen to eaeh 
testiele is a strand of eonneetive tissue and 
muscle ealled the spermatie eord; it eontains 
the sperm duct (vas deferens), blood and 
lymphatie vessels, and nerves. 


Penis 


The median septum divides the scrotum, 
isolating eaeh testiele. This helps prevent 
any infeetion from spreading from one 
testiele to the other. 


Two small, oval testes lie suspended in a 
sae of tissue ealled the scrotum. 


Life lesson: Undescended 
testiele 

In utero, the testes begin development near the kidneys. 
Then, through the course of fetal development, the testes 
deseend into the scrotum. A small pereentage of boys, 
however, are born with undescended testes, a eondition 
ealled eryptorehidism. If the testes don't deseend on their 
own during the first year of life, a surgical procedure, which 
involves pulling the testis into the scrotum, is typieally done. 
Alternatively, it may sometimes be eorreeted through an 
injeetion of testosterone. Regardless, if left untreated, the 
eondition will lead to sterility or, possibly, testicular eaneer. 




The Body AT WORK 

A key reason the testes reside outside the body is 
because the temperature inside the bodyis too 
warm forsperm to develop. (The temperatare 
inside the scrotum is 5°F[3° C] eooler than the 
temperature inside the body.) Muscles within the 
scrotum help the testes maintain an ideal 
temperature forsperm production. Forexampie, 
in warm temperatares, the eremaster maseìe 
relaxes, allowing the testes to drop furtheraway 
from the bodyso as to avoid beeoming too warm. 
In eold weather, it eontraets to draw the testes 
eloser to the body for warmth. A layer ofsmooth 
muscular fiber (dartos faseia) in the scrotum also 
eontraets when it's eold, drawing the testes eloser 
to the body. This gives the scrotum a wrinkled 
appearanee. 
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Inside the Testes 

Underneath its fìbrous capsule eovering, the testes eontain a vast length of tubules and a series of spermatie ducts. 


Spermatie eord 


Head of epididymis 


Tubules 

The tubules continuously 
generate sperm. 


Fibrous tissue separates eaeh testis into 
over 200 lobules. 


Coiled within eaeh lobule are one to three 
seminiferous tubules: tiny tubes in which 
sperm are produced. Several layers of eells line 
the walls of the tubules, with eaeh layer 
eontaining germ eells in the proeess of 
beeoming sperm. (A germ eell is a eell that gives 
rise to gametes.) Also eontained in the wall of 
the tubule are eylindrieal eells ealled Sertoli 
eells. These eells promote the development of 
sperm by supplying nutrients, removing waste, 
and seereting the hormone inhibin, which plays 
a role in the maturation and release of sperm. 

Lying between the seminiferous tubules are 
clusters of interstitial eells —also ealled Leydig 
eells —that produce testosterone. 



Fibrous capsule 


Spermatie ducts 

Sperm continue to mature as they 
follow a speeifìe path through the 
spermatie ducts. 


Ejaculatory 

duct 


Prostate 



A network of vessels ealled the rete 
testis leads away from the 
seminiferous tubules; these vessels provide 
a loeation in which sperm partially mature. 




Efferent ductules conduct immature 
sperm away from the testis to the 
epididymis. 

Sperm pass into the epididymis, 
which is attaehed to the posterior side 
of the testis. (Note that the epididymis is 
outside of the testis but still inside the 
scrotum.) Sperm move from the head of 
the epididymis to the tail, maturing as they 
go.They are then stored in thetail ofthe 
epididymis, where they remain fertile for 
40 to 60 days. After that, unless they are 
ejaculated, the aging sperm disintegrate 
and are reabsorbed by the epididymis. 


Sperm leave the tail of the epididymis 
and pass into the vas deferens. 





The vas deferens travels up the 
spermatie eord, through the inguinal 
eanal, and into the pelvie eavity. It loops 
over the ureter and deseends along the 
posterior bladder wall. 



As the vas deferens turns downward, it 
widens into an ampulla and ends by 
joining the seminal vesiele to form the 
ejaculatory duct. (Remember that there are 
two ejaculatory ducts: one for eaeh testis.) The 
ejaculatory ducts pass through the prostate 
and empty into the urethra. 


llrethra 


Testis 


T FACT 


The iirethra serves both the urinary system (to earry 
urine) and the reproductive system (to earry semen). 
It eannot, however, earry both at the same time. 
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PART V Continuity 



Aeeessory Glands 


The male reproductive system includes three sets of aeeessory glands: the seminal vesieles, prostate gland, and bulbourethral 
glands. 



Corpus 

spongiosum 


Vas deferens 


Llrinary bladder 


Pubic symphysis 


Corpus 


cavernosum 


LJrethra 


Epididymis 


Glans penis 


Prepuce 

(foreskin) 


Testis 


Scrotum 


Ejaculatory 

duct 


Loeated at the base of the bladder, a pair 
of seminal vesieles (one for eaeh vas 
deferens) seeretes a thiek, yellowish fluid 
into the ejaculatory duct.The fluid—which 
eomprises about 60% of semen—eontains 
fructose (an energy source for sperm 
motility) as well as other substances that 
nourish and ensure sperm motility. 


The prostate gland sits just belowthe 
bladder, where it eneireles both the urethra 
and ejaculatory duct. It seeretes a thin, milky, 
alkaline fluid into the urethra; besides 
adding volume to semen (it eomprises about 
30%ofthefluid portion of semen),thefluid 
also enhanees sperm motility. 


Two pea-shaped bulbourethral glands (also 
ealled Cowper's glands) seerete a elear fluid 
intothe penile portion ofthe urethra during 
sexual arousal. Besides serving as a lubricant 
for sexual intercourse, the fluid also 
neutralizes the aeidity of residual urine in the 
urethra, which would harm the sperm. 


Life lesson: Prostate disorders 

The prostate gland is about the size of a walnut in a young man. By about the 
age of 45, however, the gland begins to enlarge slowly. This noncancerous 
enlargement resulting from normal aging is ealled benign prostatie hyperplasia 
(BPH). As the prostate enlarges, it squeezes the urethra and obstructs the flow of 
urine. Symptoms include difficulty urinating, slowing of the urine stream, and 
frequent urination, particularly at night. 

Prostate eaneer, on the other hand, involves the growth of a malignant tumor 
within the prostate gland.These types of tumors usually grow slowly and, 
because they tend to develop outside of the gland, don't obstruct urine flow. As 
a result, they often go unnoticed. Eventually, the tumor ean spread beyond the 
prostate gland and metastasize to surrounding tissues as well as the lungs and 
other organs. 

Prostate eaneer is the most eommon eaneer in Ameriean men and the seeond 
leading cause of death from eaneer (after lung eaneer). It is diagnosed by digital 
reetal examination as well as by blood tests for prostate-speeifie antigen (PSA) 
and aeid phosphatase (a prostatie enzyme). When deteeted and treated early, 
prostate eaneer has a high survival rate; however, the survival rate falls 
dramatieally if the eaneer has spread beyond the prostate gland. 
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Penis 

The purpose of the penis in the reproductive system is to deposit sperm in the female vagina. 


The body of the penis is ealled the shaft. 


Penis with 
foreskin 


The slightly bulging head is ealled the 
glans penis. 


The loose skin eovering the penis continues 
over the glans to form a cuff ealled the 
prepuce, orforeskin. (Theforeskin is 
removed by circumcision.) Sebaceous glands 
in the prepuce and foreskin seerete a waxy 
substance ealled smegma. 




ACT 



Primary sex eharaeteristies refer to the organs 
direetly involved in reproduction (such as the penis 
in males and the uterus in females). Seeondary sex 
eharaeteristies refer to feamres that distinguish eaeh 
sex but aren t direetly involved in reproduction (such 
as faeial hair in males and breasts in females). 


Interior ofthe penis 

Three eylinders of ereetile tissue fill the shaft of the penis. 
During sexual arousal, the tissues fill with blood, causing the 
penis to enlarge and beeome ereet. 


Penis without 
foreskin 



The two larger eylinders of tissue are ealled 
the corpus eavernosa. 


The smaller eylinder of tissue, ealled the 
corpus spongiosum, eneireles the urethra. 



Dorsal vein 


Dorsal artery 


Nerve 


Artery 


Llrethra 




The Body AT WORK 

During the first trimester ofmale fetal development, the testes seerete a signifieant amount oftestosterone. After 
birth, testosterone levels continue to rise forseveral vveeks before falling dramatieally, beeoming barely deteetable 
byage4 to 6 months. Low levels oftestosterone eontinae throagh ehildhood until, at about age 13, paberty begins; 
this is the period in which the ehild's body begins to transform into an adult eapable ofreprodaetion. 

The onset ofpaberty is marked by the seeretion ofgonadotropin-releasing hormone (GnRH) by the hypothalamas. 
This triggers the seeretion oftwo gonadotropins: follicle-stímulating hormone (FSH) and luteinizing hormone (LH). 
These hormones promote enlargementofthe testes, which is the firstsign ofpuberty. LH—also ealled interstitial 
cell-stimulating hormone (ICSH) in males—prompts the interstitial eells to begin seereting testosterone. FSHprimes 
the spermatogenie eells to respond to testosterone, and sperm production begins. 

The inereasedproduction oftestosterone also stimulates the developmentofsuch seeondary sex eharaeteristies as: 




• Pubic, axillary, and faeial hair 

• Darkerandthiekerskin 

• inereased aetivity ofoil and sweat glands, leading to body odor 

• inereasedgrowth along with an inerease in masele mass 

• Deepening ofthe voiee due to a larger larynx 
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Sperm 

The ability of the male’s reproductive system to manufacture sperm begins at puberty and continues throughout life. 



m The Body AT WORK 

Reproduction obviously requires a steady supply ofgametes. While most eells reproduce through the proeess of 
^ ^ mitosis (as was discussed in ehapter 3), the development ofgametes involves a proeess ealled meiosis. 

• ^ Asyou may reeall', the proeess ofmitosis equally distributes ehromosomes between two daughter eells, 

resulting in two genetieally identieal eells: eaeh with 46 ehromosomes identieal to those ofthe parent. 

I In eontrast, germ eells (which develop into gametes) divide through meiosis. In this proeess, theparenteellsplits its 

supply of46 ehromosomes to form two daughter eells with 23 ehromosomes eaeh. (This way when a sperm having 
1 «. 23 ehromosomes unites i /vith an egg having 23 ehromosomes, the resulting eell has 46 ehromosomes.) What's more, 

* the daughtereells are genetieally unique. That's because, before separating, homologous ehromosomes in theparent 
eell eome together to exchange genetie information. This ensures that the ehromosomes we pass on to our ehildren 
are unique: they aren't identieal to our ehromosomes or those ofourparents. Finally, while mitosisyields only two 
daughtercells, meiosis produces four. In otherwords, in males, eaeh germ eellproduces foursperm. 


Spermatogenesis 

Sperm formation—ealled spermatogenesis —begins when a male reaehes puberty and usually continues throughout life 



T FACT 


Sperm—thousands of which are produced eaeh 
seeond—take over two months to mature. 



2 


3 




4 




5 


6 


Sperm begin as spermatogonia, primitive 
sex eells with 46 ehromosomes loeated in 
the walls of the seminiferous tubules. 


Spermatogonia divide by mitosis to 
produce two daughter eells, eaeh with 46 
ehromosomes. 


These eells then differentiate into slightly 
larger eells ealled primary spermatoeytes, 
which move toward the lumen of the 
seminiferous tubule. 


Through meiosis, the primary 
spermatoeyte yields two genetieally 
unique seeondary spermatoeytes, eaeh 
with 23 ehromosomes. 


Eaeh seeondary spermatoeyte divides 
again to form two spermatids. 


Spermatids differentiate to form heads 
and tails and eventually transform into 
mature spermatozoa (sperm), eaeh with 23 
ehromosomes. 


ANIMATION © 



Basement 

membrane 


Lumen of 
seminiferous 


tubule 
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Spermatozoa 

The mature sperm eonsists of a head, a middle pieee, and a long, whip-like tail. 



The head eontains the nucleus, which 
is paeked with genetie material.Topping 
the head of the sperm is a eap ealled an 
aerosome.The aerosome eontains 
enzymes that help the sperm penetrate 
the egg during fertilization. 


The middle pieee eontains numerous 
mitoehondria that supply the sperm with 
the energy it needs to migrate up the 
female reproductive traet. 


The tail is a flagellum whose beating, 
whip-like movements propel the sperm 
forward. 




After puberty, testosterone is continuolly seereted throughout the life ofthe mole. Testosterone eontrols 
spermatogenesis ond supports the mole sex drive. Blood levels oftestosterone ore eontrolled through o negotive 
feedbaek loop: 



• High levels oftestosterone inhibit seeretion ofGnRH by the hypotholomus. This depresses seeretion ofLH by the 
onteriorpituitory ond testosterone production deelines. 

• Low testosterone levels stimulote the onteriorpituitory to inereose seeretion ofLH, which triggers the interstitiol eells 
to step up testosterone seeretion. 



Semen 

Emitted during the ejaculation that aeeompanies orgasm, semen is a whitish fluid eontaining both sperm and the fluid 
seeretions of the aeeessory glands. About 65% of the fluid volume of semen eomes from the seminal vesieles, about 30% 
eomes from the prostate gland, and about 5% eomes from the bulbourethral gland. Eaeh ejaculation expels between 2 and 
5 ml of semen eontaining between 40 and 100 million sperm. 

Two key qualities of semen include its stiekiness and its alkalinity. Immediately after ejaculation, semen beeomes stieky 
and jelly-like. This eharaeteristie promotes fertilization by allowing the semen to stiek to the walls of the vagina and cervix 
instead of immediately draining out. The alkalinity of semen counteracts the aeidity of the vagina; this is important because 
sperm beeome immobile in an aeidie environment. 


Life lesson: Male infertility 

Over 2 million couples in the Llnited States suffer from infertility. About half of those eases are due to male 
infertility. The most eommon form of male infertility is a low sperm count; even so, a number of other faetors— 
including the size, shape, and motility of sperm—aíso influence male fertility. The World Health Organization 
provides a number of eharaeteristies of a "normal" sperm sample. For example, the total volume of semen per 
ejaculate should be at least 2 ml and eontain at least 40 million sperm. Of the total spermatozoa in the ejaculate: 

• At least 75% should be alive (it is normal for up to 25% to be dead) 

• At least 30% should have a normal shape 

• At least 25% should be swimming with rapid forward movement 

• At least 50% should be swimming forward, if only sluggishly 

A sperm count lower than 20 million indieates infertility. 
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PART V Continuity 


Male Sexual Response 

The male sexual response ean be divided into four phases: excitement, plateau, orgasm, and resolution. 



Excitement 

• Visual, mental, or physieal stimulation causes sexual excitement. 

• Parasympathetie nerves cause the arteries in the penis to relax and fill with blood. 

• As tissues within the penis beeome engorged with blood, the penis enlarges and 
beeomes rigid and ereet so as to allow it to enter the female reproductive traet. 



Orgasm 


• This brief, intense reaetion involves the ejaculation of semen. 

• Ejaculation occurs in two stages: emission and expulsion. 

• In emission, the sympathetie nervous system stimulates peristalsis in the vas 
deferens to propel sperm to the urethra; it also triggers the release of fluids from 
the prostate gland and seminal vesieles. 

• Semen in the urethra aetivates somatie and sympathetie reflexes that result in 
the expulsion of semen. 


Resoliition 

Immediately following orgasm, sympathetie signals cause the arteries in the penis 
to eonstriet, reducing blood flow. 

Muscles between the ereetile tissues eontraet to squeeze blood out of the ereetile 
tissues. 

The penis beeomes flaeeid. 
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The females reproductive system does more than produce gametes. It is also eharged with earrying, nourishing, and giving 
birth to infants. 

Unlike the male, the organs of the female reproductive system are housed within the abdominal eavity. The female’s 
primary reproductive organs (gonads) are the ovaries. The ovaries produce ova, the female gametes. The aeeessory organs— 
which include the fallopian tubes, uterus, and vagina—extend from near the ovary to outside the body. 
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Ovaries 

Two ovaries—about the size and shape of almonds—sit on eaeh side of the uterus, where they produce 
both egg eells (ova) and sex hormones. Several ligaments, including the ovarian ligament and a sheet of 
peritoneum ealled the broad ligament, hold the ovaries in plaee. 

Eaeh ovary eontains thousands of ovarian follieles that eonsist of an immature egg, or ooeyte, 
surrounded by follietilar eells. The follieles 
evolve during the fetal period, during which 
time they undergo mitotie division and the 
fìrst phase of meiosis; at that point, 
development halts until puberty. 

During a menstmal eyele, the hormone 
FSH prompts several follieles to resume 
meiosis. As the follieles develop, they 
migrate toward the surface of the ovary. 

(The stages of development are shown in the 
fìgure to the right.) Usually only one folliele 
fully matures and reaehes the surface. There, 
it forms a fluid-fìlled blister ealled a graafìan 
folliele. The folliele bursts and releases the 
egg eontained inside. (This proeess, ealled 
ovulation, is discussed in greater detail later 
in this ehapter.) 
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Internal Genitalia 

The female reproductive system includes both internal and external genitalia. The internal genitalia include the fallopian 
tubes, uterus, and vagina. Because the fallopian tubes do not attaeh to the ovaries, the female reproductive traet is essentially 
an “open” system in which infeetion ean spread from the reproductive traet into the peritoneal eavity. 


Fallopian Ttibes 

The fallopian tubes (also ealled uterine tubes), are about 4 
inehes (10 em) long and extend from the ovary to the uterus 


A narrow isthrrms is the portion of the 
fallopian tube elosest to the uterus. 


Uterus 

A muscular ehamber ealled the uterus houses and nurtures 
a growing embryo. The uterus sits between the urinary 
bladder and the rectum, held in plaee by the broad 


ligament. Usually, the uterus tilts forward over the bladder. 


The middle portion of the tube, ealled 
the ampulla, is the usual site of egg 
fertilization. Cilia line the inside of the 
tube.Their beating movements, 
eombined with peristaltie eontraetions 
of the tube, propel an egg toward the 
uterus. 


The distal funnel-shaped end of the 
fallopian tube is ealled the 
infundibulum.The fallopian tube does 
not attaeh direetly to the ovary. 
Instead, finger-like projeetions ealled 
fimbriae fan over the ovary. 


Vagina 



The curved upper portion of the uterus 
is ealled the fundus. The upper two 
eorners of the uterus eonneet with the 
fallopian tubes. 


The eentral region of the uterus 
is the body. 


The inferior end is the cervix. A 
passageway through the cervix, 
ealled the eervieal eanal, links the 
uterus to the vagina. Glands within 
the eervieal eanal seerete thiek 
mucus; during ovulation, the 
mucus thins to allow sperm to pass. 


A muscular tube about 3 inehes (8 em) long, the vagina serves as a reeeptaele 
for the penis and sperm, a route for the diseharge of menstmal blood, and the 
passageway for the birth of a baby.The smooth muscle walls of the vagina ean 
expand greatly, such as during ehildbirth. 

The lower end of the vagina eontains ridges (vaginal rugae) that help 
stimulate the penis during intercourse and allow for expansion during 
ehildbirth. 

A fold of mucous membrane ealled the hymen partially eovers the entranee 
to the vagina. During the first intercourse, the hymen ruptures, sometimes 
producing blood. However, a number of things ean tearthe hymen before that 
time, including the use of tampons, vigorous exercise, and medieal examinations. 


The vagina extends slightly beyond the 
cervix, ereating poekets ealled forniees. 
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The Body AT WORK 

The wall ofthe uterus has two key roles: housing and nourishing a growing fetus and expelling the fetus from the 
body during delivery. The uterine wall eonsists ofthree layers that aid in those tasks: 

• The outer layer—ealled the perimetrium — is a serous membrane. 

• A thiek middle layer—ealled the myometrium — eonsists ofsmooth muscle that eontraets daring labor to 
expel the fetus from the uterus. 

• The innermost layer—the endometrium —/'s where an embryo attaehes. The upper two-thirds portion (ealled 
thestratum functionalis) thiekens eaeh month in antieipation ofreeeiving a fertilized egg. Ifthis doesn'toeear, 
this layersloughs off resulting in menstmation. The layer underneath — the stratum basalis — attaehes the 
endometrium to the myometrium. It does not slough off; rather, it helps the functionalis layer regenerate eaeh 
month. 
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External Genitalia 

The external genitals, which include the mons pubis, labia majora (singular: labium majus), labia minora (singular: labium 
minus), elitoris, and aeeessory glands, are eolleetively ealled the vulva. 


The mons pubis is a mound of hair-eovered 
adipose tissue overlying the symphysis 
pubis. 


The labium majus is one of two thiekfolds 
of skin and adipose tissue; hair grows on 
the lateral surfaces of the labia majora 
while the inner surfaces are hairless. 


The labium minus is a thinner, hairless fold 
of skin just inside eaeh labium majus. 


The area inside the labia is ealled the 
vestibule; it eontains the urethral and 
vaginal openings. 


Vaginal opening 


Anus 



The labia minora meet to form a hood of 
tissue ealled the prepuce overthe elitoris. 


The elitoris is small mound of ereetile 
tissue that resembles a penis. Its role is 
strietly sensory, providing a source of 
sexual stimulation. 


A pair of mucous glands, ealled the lesser 
vestibular glands (or Skene's glands), 
open into the vestibule near the urinary 
meatus, providing lubrication. 


Two pea-sized glands ealled greater 
vestibular glands (or Bartholin's glands) 
sit on either side of the vaginal opening; 
their seeretions help keep the vulva moist 
and provide lubrication during sexual 
intercourse. 


Breasts 


Developing during puberty (as a result of stimulation by estrogen and progesterone), the breasts lie over the peetoralis 
major muscle. 


FAST FACT 



Eaeh duct ends in a tiny opening on the 
surface of the nipple. 


Peetoralis major muscle 
Peetoralis minor muscle 


Adipose tissue 


The amount of adipose tissue— 
not the size of the mammary 
glands—determines breast size; 
therefore, breast size has no 
relationship to the amount of 
milk breasts ean produce. 


A pigmented area ealled the areola 
eneireles the nipple. Numerous sebaceous 
glands (that look like small bumps) dot the 
surface. Sebum from these glands 
lubricates the areola, helping prevent 
drynessand eraeking during nursing. 


Suspensory ligaments help support the 
breasts and also serve to attaeh the breasts 
to the underlying peetoralis muscles. 


Eaeh lobule eonsists of clusters of tiny, 
sae-like aeini that seerete milk during 
laetation. Minute ducts drain the aeini, 
merging to form larger ducts as they travel 
toward the nipple. 


The ducts unite to form a single lactiferous 
duct for eaeh lobe. Before reaehing the 
nipple, the ducts enlarge slightly to form 
lactiferous sinuses. 


Eaeh breast eontains 15 to 20 lobules 
separated by fibrous tissue and adipose 
tissue. 
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The Body AT WORK 

Jiistas in males, female puberty is triggered byrising levels ofgonadotropin-releasing hormone (GnRH). GnRH 
stimulates the anteriorlobe ofthe pituitary to seerete follicle-stimulating hormone (FSH) and luteinizing hormone 
(LH). FSH stimulates the development ofovarian follieles; in turn, ovarian follieles seerete estrogen andprogesterone. 
Estrogen is the hormone responsible for producing the feminine physieal ehanges that occur during puberty, such as 
the development ofbreasts; the deposition offat beneath the skin ofthe hips, thighs, and buttocks; and the vvidening 
ofthepelvis. 

Puberty tends to begin earlier in females than in males, at about age 9or 10 as opposed to age 13. The first sign of 
puberty in girls is breast development. This is follovved by the grovvth ofpubic and axillary hair. Finally, at about age 
12 or 13, the first menstmal period (menarehe) arrives, although ovulation doesn't begin for anotheryear. In other 
vvords, menstmation doesn't indieate fertility. 



Female Reproductive Cycle 


In 1860, most girls began to 
menstmate at age 16; today, the 
average age is 12 or 13. 


Beginning in adoleseenee and extending until menopause, a woman’s reproductive system undergoes eyelieal ehanges eaeh 
month as it prepares for the possibility of pregnaney. These ehanges, ealled the reproductive eyele, eonsist of two interrelated 
eyeles: the ovarian eyele, which eenters on ehanges in the ovaries, and the menstmal eyele, which focuses on ehanges in the 
uterus. 

Controlled by varying patterns of hormone seeretion, the reproductive eyele averages 28 days in length; however, the 
length of the eyele ean range from 20 to 45 days, depending upon the individual. Both eyeles are eontrolled by the eyelieal 
seeretion of hormones: the ovarian eyele is governed by the hormones FSH and LH, while the menstmal eyele is under the 
influence of estrogen and progesterone. 


FACT 


The proeess through which a mature ovum is 
formed is ealled oogenesis. 


Life lesson: Breast eaneer 

Breast eaneer affeets one out of eight women and is one of the leading causes of 
eaneer-related death. Most breast eaneers begin in the ducts and, from there, ean 
spread to other organs by way of the lymphatie system. Symptoms of breast 
eaneer include a lump in the breast or armpit; redness, dimpling, or puckering of 
the skin of the breast; or drainage from the nipple. 

About 20% to 30% of women with breast eaneer have a family history of the 
disease. Seientists have reeently diseovered defeets in the BRCA1 and BRCA2 
genes that inerease the risk for developing breast eaneer. Because many breast 
tumors are stinrmlated by estrogen, women who begin menstruating before age 
12, as well as those who go through menopause after age 55, have an inereased 
risk for the developing breast eaneer. Women who have never had ehildren or 
who had them only after age 30 also have an inereased risk. Other riskfaetors 
include aging, excessive aleohol use, and exposure to radiation. 
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The Ovarian Cycle 

At birth, a female’s ovaries eontain about 2 million eggs, or ooeytes. Eaeh ooeyte (which 
is surrounded by follicular eells) reaehes an early stage of meiosis before halting 
development. Many of these ooeytes—also ealled primary follieles—degenerate during 
ehildhood. By the time puberty arrives, only 400,000 ooeytes remain. (Considering that 
most women ovulate fewer than 500 times during the course of their reproductive lives, 
the supply of ooeytes is more than adequate.) 

The ovarian eyele, as deseribed in the table below, begins on the first day of 
menstmation as the ovaries prepare to release an egg. 

Phases of the Ovarian Cycle 

ANIMATION® 


FAST FACT 


Estrogen (from ovarian follieles) 
dominates during the follicular 
phase, while progesterone (from 
the corpus luteum) dominates 
during the luteal phase. 
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Low levels of estrogen and progesterone stimulate the hypothalamus to 
release GnRH. 
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GnRH stimulates the anterior pituitary to release FSH and LH. 
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FSH triggers several of the follieles in the ovary to resume development, 
beginning what is known as the follieiilar phase. Usually, only one folliele 
will make it to maturity. As the folliele develops, it seeretes estrogen (which 
stimulates the thiekening of the endometrium in the menstmal eyele) as 
well as small amounts of progesterone. 
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As the folliele matures, it migrates to the surface of the ovary.The mature 
folliele is ealled a graafian folliele. In the mid-point of the eyele, estrogen 
levels peak, triggering a spike in LH. 
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The sudden spike in LH causes the folliele to rupture and release the 
ovum—a proeess ealled ovulation. The fimbriae of the fallopian tube 
sweep aeross the top of the ovary to eateh the emerging ooeyte. 
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Progesterone 
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Meanwhile, the remnants of the folliele remain on the ovary and form the 
corpus luteum, which marks the beginning of the luteal phase. The 
corpus luteum seeretes large amounts of progesterone and small amounts 
of estrogen.The progesterone causes the endometrium to continue to 
thieken and beeome more vascular, preparing it for pregnaney. High 
levels of progesterone and estrogen also inhibit the pituitary from 
producing FSH and LH, so no other follieles develop. 





If fertilization doesn't occur, the corpus luteum degenerates into inaetive 
sear tissue ealled the corpus albieans. 
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Estrogen and progesterone levels plummet, causing the endometrium 
to slough off, resulting in menstmation. With the deeline in ovarian 
hormones, the pituitary gland is no longer inhibited; FSH levels begin to 
rise, and a new eyele begins. 
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The Menstrual Cycle 

The hormones estrogen and progesterone—which are seereted by the ovaries—drive the menstrtial eyele. This eyele involves the 
buildup of the endometrium (which occurs through most of the ovarian eyele) followed by its breakdown and diseharge. The 
menstmal eyele is divided into four phases: the menstmal phase, proliferative phase, seeretory phase, and premenstmal phase. 

Phases of the Menstrual Cycle 
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Interrelationship betiveen the Ovarian Cycle and the Menstmal Cycle 

As previously discussed, the ovarian and menstmal eyeles are interrelated, with aetivities in both eyeles occurring 
simultaneously. Study the ehart below to tie the aetivities of the two eyeles together and to link eaeh to the fluctuations in 
hormone levels. 


e n 
0 
e 

o 

E 

o 



O) 

O) 

LU 


O 

E 


o 

o 

> 

o 


Ovarian eyele 


Ovulation 



Days 0 


Mature folliele 


Early corpus 


Regressing 
corpus luteum 


Corpus 

albieans 



Follicular phase 


Ovulation 


Luteal phase 




Life lesson: Menopame 

Menstmation continues from puberty until about the age of 45 or 50, when it 
eeases. Called menopause, this stage of life is assoeiated with deelining estrogen 
and progesterone levels (as the remaining ovarian follieles are less responsive to 
gonadotropins). As a result of the deelining hormone levels, the uterus, vagina, 
and breasts atrophy. Vaginal dryness ean make intercourse uncomfortable and 
vaginal infeetions more eommon. Symptoms of menopause vary, although 
eommon symptoms include hot flashes and mood ehanges. 
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Female Sexual Response 

The female sexual response ean be divided into the same four phases as that of a male: excitement, plateau, orgasm, and 
resolution. 


Excitement 

• Blood flow to the genitals inereases, causing the labia minora and majora to swell 
with blood. 

• The elitoris beeomes engorged and swollen. 

• The breasts swell and the nipples beeome ereet and harden. 

• The vaginal wall beeomes purple from inereased blood flow, and the greater 
vestibular glands produce seeretions to lubricate the vagina. 

• The uterus stands more ereet. 



Orgasm 


• Muscles in the outer third of the vagina eontraet rapidly in a series of pulses. 

• The muscles in the uterus also eontraet. 

• The skin may appear red orflushed. 


Resolution 

The elitoris and nipples soften. 

The vagina and genitals return to normal size and eolor. 
The uterus drops forward to its usual position. 
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Any method used to prevent pregnaney is ealled eontraeeption, or birth eontrol. The following table summarizes some of 
the most eommon methods of eontraeeption, beginning with the most effeetive methods and ending with the least effeetive. 



Method eharaeteristies 

Surgical Sterilization 



• Sterilization involves cutting or tying the fallopian tubes or vas deferens 
to bloek passage of the egg or sperm. 


Preventing Implantation 





Hormonal Methods 




• An intrauterine deviee (IUD) is a plastie deviee inserted into the uterus 
to prevent fertilization and implantation of a fertilized egg.There are 
two types of IUDs: one eontains a eopper wire, and the other eontains 
the hormone progestin. Both types trigger inflammation in the uterus 
that interferes with a sperm's ability to reaeh an egg.The progestin IUD 
also thiekens eervieal mucus, which further bloeks sperm. 

• Emergeney eontraeeptive pills (ECPs), or"morning after pills," provide a 
high dose of estrogen and progesterone; taken within 72 hours after 
intercourse, ECPs prevent pregnaney by inhibiting ovulation or by 
preventing fertilization. 


• Birth eontrol pills eonsist of estrogen and progesterone, which inhibit 
FSH seeretion and, as a resu11, prevent folliele development and ovulation. 


• Depo-Provera is a synthetie progesterone that ean be injeeted 2 to 4 
times a year to halt ovulation. 


Barrier Methods 



• This form of eontraeeptive bloeks sperm from entering or proeeeding 
pastthe vagina. 

• Male and female eondoms are the only eontraeeptives that help 
prevent the transmission of disease. 

• Using a ehemieal spermieide, such as foams, ereams, and jellies, greatly 
improves the effeetiveness of barrier methods. 


Behavioral Methods 



Rhythm 

method 


The rhythm method involves refraining from intercourse during the 
time the female is most fertile, which is from at least 7 days before 
ovulation until at least 2 days after ovulation. Because it is difficult to 
prediet the time of ovulation, this method has a 25% failure rate. 


• Withdrawal (coitus interruptus) requires the male to withdraw his penis 
before ejaculation.This method also has a high failure rate, both due to 
a laek of eontrol as well as the faet the some sperm are present in 
pre-ejaculatory fluids. 
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Review of Key Terms 



Ampiilla: Middle portion of the 
fallopian tube 

Cervix: Inferior end of the uterus 

Corpus albieans: inaetive sear tissue 
that results when the corpus luteum 
degenerates 

Corpus luteum: Remnants of the 
ovarian folliele after ovulation that 
seeretes large amounts of progesterone 
and small amounts of estrogen 

Endometrium: Vascular mucous 
membrane lining the uterus; thiekens 
eaeh eyele in antieipation of reeeiving 
a fertilized egg 

Epididymis: Convoluted tube resting 
on the side of the testes in which 
sperm mature 

Estrogen: Hormone seereted by the 
ovaries that is responsible for 
stimulating development of female 
seeondary sex eharaeteristies; it also 
plays a role in triggering ovulation 

Fallopian tubes: Tubes extending from 
near the ovary to the uterus 

Gametes: Sex eells, which include the 
sperm in males and eggs in females 


Gonad: Primary sex organs; includes 
the testes in males and the ovaries in 
females 

Graafian folliele: A mature folliele of 
the ovary 

lnfundibulum: Funnel-shaped, distal 
end of the fallopian tube 

lsthmus: Portion of the fallopian tube 
elosest to the uterus 

Meiosis: Proeess of eell division 
producing eells (eggs or sperm) that 
eontain half the number of 
ehromosomes found in somatie eells 

Menopause: The period that marks the 
permanent eessation of menstmation 

Menstmation: Cyclical shedding of 
uterine endometrium 

Myometrium: Smooth muscle layer of 
the uterus; eontraets during delivery 

Ooeyte: Immamre egg 

Oogenesis: Proeess whereby a mature 
ovum is formed 

Ovarian follide: Ooeyte and surrounding 
follicular eells 


Perimetrium: Outer serous layer of 
uterine wall 

Prostate gland: Gland that surrounds 
the neek of the bladder and urethra in 
males; seeretes alkaline fluid that 
forms part of semen 

Scrotum: Sae of tissue surrounding the 
testes 

Semen: Whitish fluid eontaining 
sperm emitted during ejaculation 

Seminiferous tubules: Tiny ducts in 
the testes in which sperm are 
produced 

Spermatogenesis: Sperm formation that 
takes plaee in the seminiferous tubules 
of the testieles 

Testes: Male organs that manufacture 
sperm and produce the male hormone 
testosterone 

Testosterone: Primary male sex 
hormone; seereted by the testes 

Uterus: Muscular ehamber that houses 
and nurtures a growing embryo and 
fetus 

Vas deferens: Tube that earries sperm 
out of the epididymis to the 
ejaculatory duct 


Own the Information 


To make the information in this ehapter part of your 
working memory, take some time to refleet on what you’ve 
learned. On a separate sheet of paper, write down 
everything you reeall from the ehapter. After youre done, 
log on to the DavisT/z/j website, and eheek out the Study 
Group podeast and Study Group Questions for the ehapter. 

Key Topies for Chapter 23: 

• Primary and seeondary sex organs 

• Structure and function of the testes 

• Structure and function of the male aeeessory glands 

• Structure and function of the penis 


• Proeess of male puberty 

• Formation of sperm 

• Components of semen 

• Male sexual response 

• Structure and function of the ovaries, fallopian tubes, 
uterus, and vagina 

• Female external genitalia 

• Structure of the female breast 

• Proeess of female puberty 

• Female reproductive eyele 

• Female sexual response 





















Test Your Knov/ledae 


Anstvers: Chapter 23 


1. Correct answer: C. Testosterone stimulates the 


development of male seeondary sex eharaeteristies; 
however, testosterone is seereted only after the 
testes have begun to develop, a result of the 
seeretion of gonadotropin-releasing hormone 
(GnRH). GnRH triggers the release of 
follicle-stimulating hormone (FSH) and 
luteinizing hormone (LH), which promote 
testicular growth and, ultimately, testosterone 
seeretion. Progesterone is seereted by ovarian 
follieles, which occurs only after GnRH stimulates 
the seeretion of FSH and LH. 


2. Correct answer: b. Primary sex organs, ealled 
gonads, produce gametes. Immature sperm are 
ealled spermatogonia or spermatoeytes. Immature 
ova are ealled primary follieles. 


3. Correct answer: d. The vas deferens earries the 


sperm from the epididymis to the ejaculatory duct. 
The seminiferous tubules are the tiny ducts in 
which sperm are produced. The seminal vesieles 
seerete fluid into the ejaculatory duct to help form 
the fluid portion of semen. 


4. Correct answer: b. Seminiferous tubules are ducts 


in which sperm are produced. The epididymis 
provides a plaee for sperm to mature and remain 
until ejaculation. The sustentacular (Sertoli) eells 
supply nutrients to sperm; they also seerete the 
hormone inhibin, which plays a role in the 
maturation and release of sperm. 


5. Correct answer: e. The bulbourethral gland 
supplies 5% of the fluid volume of semen, while 
the prostate supplies 30% (as opposed to the 65% 
supplied by the seminal vesieles). The penis does 
not supply any of the fluid volume of semen. 


6. Correct answer: b. Follicle-stimulating hormone 
prompts ovarian follieles to resume development. 
A peak in estrogen levels triggers the release of LH. 
Progesterone is seereted by the corpus luteum to 
maintain the vascular endometrial lining. 


7. Correct answer: b. The perimetrium is the outward 
serous lining of the uterus. The myometrium is the 
muscular layer that eontraets during the delivery 
of a fetus. The vestibule is the area between the 


labia that eontains openings to the urethra and 


vagina. 

8. Correct answer: b. None of the other hormone 


pairs influence menstruation. Testosterone is 
primarily a male sex hormone. 


9. Correct answer: d. The corpus albieans is inaetive 
sear tissue left behind by the corpus luteum. The 
ovarian folliele develops before ovulation. The 
aeini are sae-like structures in the female breast 
that seerete milk. 


10. Correct answer: e. An IUD prevents implantation 
of a fertilized egg. Birth eontrol pills do not aet to 
ehange the aeidity of the vagina for the purpose of 
killing sperm. Surgical sterilization bloeks the 
passage of an egg through the fallopian tube. 



1. The first hormone seereted at the 


7. An embryo attaehes to which 


onset of puberty in both males 


and females is: 


a. testosterone. 


b. follicle-stimulating hormone 


. gonadotropin-releasing 


hormone. 


d. progesterone. 


2. Gametes are: 


a. primary sex organs 


b. sex eells. 


e. immamre sperm 


d. immamre ova. 


3. Until ejaculation, sperm are 


stored in the: 


. vas deferens. 


b. seminiferous tubules 


. seminal vesiele. 


d. epididymis. 


4. Where is testosterone produced? 


. Seminiferous tubules 


b. Interstitial eells of the testes 


. Epididymis 


d. Sustentacular (Sertoli) eells 


5. Which organ supplies most of 


the fluid volume of semen? 


. Bulbourethral gland 


b. Penis 


. Seminal vesieles 


d. Prostate 


6 . The surge in which hormone 


causes ovulation? 


a. Follicle-stimulating hormone 


b. Luteinizing hormone 


e. 


Estrogen 


d. Progesterone 


layer of the uterine wall? 


a. Perimetrium 


b. Endometrium 


e. Myometrium 


d. Vestibule 


8 . Falling levels of which two 


hormones trigger menstmation: 


? 


a. FSH and LH 


b. Estrogen and progesterone 


e. GnRH and FSH 


d. Estrogen and testosterone 


9. The stmemre that seeretes 


progesterone during the last half 


of the ovarian eyele is the: 


. corpus albieans. 


b. ovarian folliele. 


e. aeini. 


d. corpus luteum 


10. Birth eontrol pills prevent 


pregnaney by: 


. preventing implantation of a 


fertilized egg. 


b. ehanging the aeidity of the 


vagina to kill sperm. 


e. interfering with follicular 


development and ovulation. 


d. bloeking the passage of an egg 


through the fallopian tube. 
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CHAPTER OLITLINE 

Fertilization 

Stages of Prenatal Development 

Physieal Changes During Pregnaney 

Childbirth 

Laetation 

The Neonate 


LEARNING OUTCOMES 

1. Discuss the proeess of fertilization, including 
when and where it occurs and how the egg 
prevents fertilization by more than one sperm. 

2. Deseribe the events of the preembryonie stage 
of development. 

3. Summarize the proeess of implantation and 
the ehanges that occur in the blastoeyst. 

4. Name the three germ layers and identify the 
major organs and tissues arising from eaeh. 

5. Identify the four extraembryonic membranes 
and deseribe the functions of eaeh. 

6. Deseribe the structure and functions of the 
plaeenta. 

7. Traee the path of the fetal circulatory system. 

8. Deseribe the majorevents offetal 
development. 

9. List the key physieal ehanges that occur during 
pregnaney. 

10. Identify three faetors thought to trigger labor. 

11. Identify the three stages of labor and deseribe 
the aetions, as well as the duration, of eaeh 
stage. 

12. Name the hormones that promote 
development of the mammary glands for 
laetation. 

13. Deseribe the proeess of milk production and 
milk seeretion. 

14. Discuss some of the ehanges experienced by a 
neonate immediately after delivery. 



For new life to begin, an egg and a sperm must meet and fuse together. The instant that occurs, the fertilized egg begins a 
series of ehanges that, amazingly, transforms a single eell into a fully developed human being. Consider: from that one eell 
eome 100 trillion eells—eells that, in turn, evolve into tissues as diverse as skin, nerves, and blood, and organs as varied as 
the kidneys, brain, and heart. Indeed, from one eell eome not just your physieal body but also your mind, your emotions, 
and your intelleet. The proeess of human development, from eoneeption until birth, is perhaps the most faseinating and 
miraculous aspeet of human life. 


Fertilization 

Sperm enter the female reproductive traet when the male ejaculates, releasing approximately 100 million sperm into the 
vagina. Onee there, the sperm aetively swim toward the fallopian tubes, drawn forward on a mission to fertilize an egg. Only 
a precious few thousand make it that far, however. The aeidity of the vagina destroys many of the sperm; others fail to make 


it through the eervieal mucus; fìnally, white blood eells in the 
uterus destroy still more. 

Only a few hundred sperm make it through these hazards. 
Even then, despite being able to reaeh the egg within minutes 
of ejaculation, fertilization doesn’t occur instantly. 

Sperm ean remain viable within the female reproductive 
traet for as long as six days. On the other hand, the egg is 
only viable for 24 hours. Because it takes 72 hours for the egg 
to reaeh the uterus, fertilization typieally occurs in the distal 
third of the fallopian tube. 


AST FACT 


A woman is most fertile during a period of 
time ranging from a few days before to 14 
hours after ovulation. 


Site of 
fertilization 

































Even though only one sperm actually fertilizes the egg, a team of sperm helps make fertilization possible by elearing a path 
through the layer of eells and glyeoprotein membrane (the zona pellucida) eneasing the ovum. The following figure 
deseribes this proeess. Keep in mind that this is a “time lapse” view of fertilization: although many sperm assist with 
fertilization, only one sperm actually enters the egg. 



The nucleus of the sperm is released into 
the ovum as its tail degenerates and falls 
away.The nucleus of the sperm (which has 
23 ehromosomes) fuses with the nucleus of 
the egg (which also has 23 ehromosomes), 
ereating a single eell with 46 ehromosomes. 
The fertilized egg is now ealled a zygote. 


Bloeked sperm 


Zona pellucida 


Due to the efforts of nrmltiple sperm, a path 
through the zona pellucida eventually results, 
allowing a single sperm to penetrate. As soon as 
this happens, the egg undergoes ehanges that 
bar any other sperm from entering. 


As hundreds of sperm swarm the egg, the 
aerosomes on the sperm heads release enzymes 
that break down the eells and the zona pellucida. 

Granulosa eells 


The Body AT WORK 

Pregnaney, orgestation, ranges from eoneeption until 
birth and lasts about266 days. (Typieally, gestation is 
measared from the first day ofthe last menstmal 
period, making the time until birth about40 vveeks or 
280 days.) 

• The duration ofpregnaney is divided into 
three-month periods ealled trimesters. 

• The first trimester lasts from eoneeption through 
the first 12 vveeks. (During this period oftime, the 
developing embryo is most susceptible to toxins, 
stress, drugs, and nutritional defieieneies.) 

• The seeond trimester ranges from vveek 13 
through week24. (Mostoftheorgans are 
developed durlng this phase.) 

• The third trimester lasts from week25 until birth. 
Most infants are viable after about 35 weeks. 


Life lesson: 

In vitro fertilization 

Couples experiencing infertility, particularly women with 
bloeked or damaged fallopian tubes, may ehoose to 
undergo in vitro fertilization (IVF) in an effort to eoneeive. 

To perform the procedure, a doetor retrieves eggs from the 
woman's ovary using a needle inserted through the vagina. 
At the same time, the man provides a semen sample. The 
aetive sperm are then eombined with the retrieved eggs in 
a laboratory dish. After about 18 hours in a temperature- 
eontrolled environment, the eggs are examined. If 
fertilization has occurred, the eggs are kept in an incubator 
for 2 or 3 more days to allow them to grow into the 8- or 
16-eell stage. At that point, the doetor transfers the 
developing embryos into the woman's uterus by way of a 
eatheter inserted through the woman's vagina and cervix. If 
implantation occurs, the pregnaney test is positive and the 
pregnaney proeeeds. 

It's estimated that sinee 1981 (when IVF was used for the 
first time), 5 million babies have been born as a result of 
this procedure. Even so, a normal term birth occurs only 
about 30% of the time following IVF. 
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The union of egg and sperm ignites a period of development that ends with the birth of a baby. This period of growth 
before birth is ealled the prenatal period. During this time, the fetus undergoes three major stages of development: 

• The preembryonie stage, which begins at fertilization and lasts for 16 days 

• The embryonie stage, which begins after the sixteenth day and lasts until the eighth week 

• The fetal stage, which begins the eighth week and lasts until birth 

Preembryonie Stage 

Shortly after fertilization, the fertilized eell divides by mitosis—a proeess ealled eleavage—to produce two identieal 
daughter eells. The mitotie divisions continue, with eaeh division doubling the number of eells, until the zygote arrives at 
the uterus. The following illustration portrays this sequence of events, beginning with ovulation and ending with 
implantation of a fertilized egg. 


ANIMATION 0 


Á 





1 




& 




2 
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The preembryonie stage 
begins when fertilization 
forms a zygote with 46 
ehromosomes. 


Within 24 to 36 hours, the zygote 
divides by mitosis to form 
two daughter eells ealled 

blastomeres 


The mitotie divisions, or eleavage, continue, with the eells 
doubling with eaeh division. Finally, a blaekberry-like 
cluster of 16 eells ealled a morula results.Three to four days 
after fertilization, the mornla enters the uterine eavity, 
where it floats for two or three days. 



As the mornla continues to divide, a hollow eavity forms; the morula is now 
ealled a blastoeyst.The blastoeyst eonsists of an outer layer of eells (the 
trophoblast) and an inner eell mass.The trophoblast eventually forms the 
plaeenta while the inner eell mass beeomes the embryo. 


5 


About six days after ovulation, the 
blastoeyst attaehes to the 
endometrium—a proeess ealled 

implantation. 


CHAPTER 24 Pregnaney & Human Development 



























Implantation 





The proeess of implantation takes about a week, being eompleted about the time the next menstmal period would have 
occurred if the woman had not beeome pregnant. As the blastoeyst attaehes to the endometrium, it continues to ehange 

rapidly as it moves toward beeoming an embryo. Chorionic 


Llterine 

lining 


Endoderm 

Mesoderm 

Eetoderm 


Inner eell 
mass 


Yolk 
sae 


Embryonie 

dise 


Amniotie 
eavity 


Llterine 
lining 


Amniotie 

eavity 


When the blastoeyst attaehes to 
the endometrium, the 
trophoblast eells on the side of 
the endometrium divide to 
produce two layers of eells. The 
outer layer seeretes enzymes that 
erode a gap in the endometrium. 
As these outer eells penetrate the 
endometrium, the inner eell mass 
separates from the trophoblast, 
ereating a narrow spaee ealled the 
amniotie eavity. 


The inner eell mass flattens to 
form the embryonie dise. Some 
of the eells on the interior portion 
of the embryonie dise multiply to 
form another eavity, ealled the 
yolk sae. Meanwhile, the rapidly 
growing endometrium eovers the 
top of the blastoeyst, burying it 
eompletely. 


The embryonie dise gives rise to 
three layers, ealled germ layers, 
which produce all the organs 
and tissues of the body. The 
three germ layers are the 
eetoderm, mesoderm, and 
endoderm. 


Germ layers: Eaeh germ layer gives rise to speeifie organs, a proeess 
ealled organogenesis. 






The Body AT WORK 

The trophoblastplays a keyrole in ensuring the continuation ofan 
early pregnaney. These eells seerete human ehorionie 
gonadotropin (HCG), a hormone thatprompts the eorpas 
luteum to seerete estrogen and progesterone. In turn, 
progesterone stimulates endometrial grovvth andprevents 
menstmation. 




For the first tvvo months ofa pregnaney, levels ofHCG in the 
mother's blood rise. By that time, the plaeenta begins to seerete 
large amounts ofestrogen andprogesterone—effeetively taking 
over the role ofthe eorpas luteum—and the levels ofHCG deeline. 



The deteetion of HCG in the 
mothers blood or urine forms the 
basis for pregnaney tests. In faet, 
HCG may be deteetable within 
8 to 10 days following fertilization. 
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Embryonie Stage 

Onee the germ layers are formed—a mere 16 days after eoneeption—the blastoeyst enters the embryonie stage and is now 
ealled an embryo. Two key events occur during the next six weeks: the germ layers differentiate into organs and organ 
systems, and several aeeessory organs emerge to aid the developing embryo. The aeeessory organs include four 
extraembryonic membranes—the amnion, ehorion, allantois, and yolk sae—as well as the plaeenta and umbilical eord. 


Extraembryonic Membranes 



The amnion is a transparent sae that 
eompletely envelops the embryo. 
The amnion is filled with amniotie 
fliiid, which proteets the embryo 
from trauma as well as ehanges in 
temperature. Later, the fetus will 
"breathe"the fluid and also swallow 
it.The volume remains stable 
because the fetus also regularly 
urinates into the amniotie sae. 


The ehorion —the outermost 
membrane—surrounds the other 
membranes. Finger-like projeetions 
from the ehorion penetrate the 
uterus. In the area of the umbilical 
eord, the ehorion forms what will 
beeome the fetal side of the 
plaeenta. 


Developing 

plaeenta 


Uterus 
Chorionic villus 


Ammotie eavity 


The allantois serves as 
the foundation for the 
developing umbilical 
eord. Later, it beeomes 
part of the urinary 
bladder. 


The yolk sae produces 
red blood eells until the 
sixth week, after which 
thistaskistaken over 
by the embryonie liver. 
Besides contributing to 
the formation of the 
digestive traet, the yolk 
sae provides nutrients 
and handles waste 
disposal. 


Plaeenta and IJmbilieal Cord 

About 11 days after eoneeption, the embryo develops a dise-shaped, paneake-like organ ealled the plaeenta. The plaeenta 
plays a dual role: it seeretes hormones neeessary to maintain the pregnaney; it also beeomes inereasingly important in 
supplying the embryo, and later the fetus, with oxygen and nutrition. (See “The Body at Work” on the following page.) 

The plaeenta actually begins to form during implantation when speeialized eells in the trophoblastie layer extend into the 
endometrium. As shown in the following figure, these extensions grow into the endometrium like the roots of a tree, 
forming early ehorionie villi. 



As the villi projeet deeper into the 
endometrium, they penetrate uterine 
blood vessels, causing maternal blood to 
pool around the villi in sinuses ealled 

lacunae. 


The umbílical eord eontains two umbilical arteries and one umbilical vein. 
Eventually, the fetal heart pumps blood into the plaeenta via the umbilical 
arteries; the blood returns to the fetus by way of the umbilical vein. 


Eventually, blood vessels from 
the umbilical eord extend into 
the villi, effeetively linking the 
embryo to the plaeenta. 


Maternal 
blood vessels 


Amnion 

Amniotie 

fluid 


Chorion 


Umbilical 

eord 


Umbilical vein 
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PART V Continuity 










The Body AT WORK 


The fetal stage begins the eighth week, and, by the twelfth week, the plaeenta is the fetiis'sole source ofnutrition. 
Although the mother's blood furnishes the developing fetus with nutrients, maternal and fetal blood do not actually 
mix. Instead, the ehorionie villi are filled with fetal blood and surrounded by maternal blood. A thin layer ofplaeental 
eells separates the two blood systems. 



Fetal waste products move from fetal 
blood in the umbilical arteries to the 
maternal blood; the maternal veins 
earry away the waste for disposal. 


llmbilieal vein 


llmbilieal artery 



Maternal artery 
Maternal vein 


Oxygen, nutrients, and some antibodies 
pass from the maternal blood—which is 
pooled in the lacunae around the ehorionie 
villi—to fetal blood in the umbilical veins 
of the plaeenta. 


Unfortunately, some toxins such as nieotine, aleohol, and mostdmgs ean also eross the plaeenta. When theydo, 
they ean have a devastating effeet on embryonie development. 

The plaeenta also serves an endoerine function, seereting hormones neeessary for the continuation ofthe 
pregnaney. These hormones include estrogen, progesterone, and HCG. 



FAST FACT 


Aspirating and testing a sample of amniotie fluid, or 
testing a tissue sample of a ehorionie villus, ean reveal 
valuable genetie information about the developing fetus 
The test earries eertain risks, however, including 
misearriage, infeetion, or the leakage of amniotie fluid. 


Life lesson: Twins 

Most twins result when two eggs are ovulated and 
then fertílìzed by separate sperm.These twins— 
ealled dizygotie or fraternal twins —do not have the 
same genetie information. They may be the same, 
or different, gender. Because they're formed from 
the union of different eggs and different sperm, 
they are no more similar than are siblings who are 
born on separate oeeasions. Eaeh twin implants on 
a different part of the uterine wall, and eaeh 
develops its own plaeenta. 

Oeeasionally, twins result when a fertilized egg 
divides in two. In this instanee, the twins are the 
same sex and earry identieal genetie information; 
they are ealled monozygotie or identieal twins. 
Monozygotie twins almost always share the same 
plaeenta, although eaeh develops in a separate 
amniotie sae. 




One egg and 


Two eggs and 


one sperm 


two sperm 


One 


Two 


plaeenta 


plaeentas 


identieal twins 


Fraternal twins 
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Fetal Stage 

The fetal stage, which is the fìnal stage of prenatal development, eneompasses the period from the eighth week until birth. 
This is primarily a stage of growth, as the organs that formed during the embryonie period grow and mature. 

Because the fetus depends on the plaeenta for oxygen and nutrients as well as for the removal of waste products, the 
circulatory system of the fetus differs signifìeantly from that of a newborn. In the fetus, neither the lungs nor the liver 
requires a great deal of blood: the lungs are nonfìmetioning and the liver is still immature. Therefore, the fetus’ circulatory 
system eontains three shunts that allow blood to, for the most part, bypass these organs: 

• The ductus venosus shunts blood around the liver. 

• The foramen ovale, an opening between the two atria, shunts blood direetly from the right atrium to the left. 

• The ductus arteriosus diverts blood from right ventriele to the pulmonary artery, bypassing the lungs. 


The following figure details circulation in the fetus. 



Oxygen-rich blood enters the fetus through the 
vein in the umbilical eord. 



Most of the blood bypasses the liver by flovving 
through the ductus venosus into the inferior 
vena eava (IVC). Plaeental blood from the umbilical 
vein then merges vvith fetal blood from the IVC as 
it flovvs tothe heart. 



Blood flovvs into the right atrium; most of the 
blood flovvs direetly into the left atrium through 
the foramen ovale, bypassing the lungs. 


4 




The blood that does not flovv through the foramen 
ovale flovvs into the right ventriele and then into 
the pulmonary trunk. From there, the blood flovvs 
through the ductus arteriosus and into the 
deseending aorta, again bypassing the lungs. 



Oxygen-depleted, vvaste-filled blood flovvs 
through tvvo umbilical arteries to the plaeenta. 

The plaeenta then eleanses the blood—ridding 
it of earbon dioxide and vvaste products— 
reoxygenates it, and returns it to the fetus through 
the umbilical vein. 


Ductus arteriosus 


ANIMATION 0 


Pulmonary trunk 


Aseending 
aorta 


Foramen 

ovale 


Inferior 


Llmbilieal 



IJmbilieal vein 


Fetal umbilicus 


Plaeenta 


Llmbilieal arteries 



Whenyou thinkofthe plaeenta os the eenter ofthe fetus' 
universe, the follovving mokes more sense: 

• ilmbilieal arteries pump oxygen-poor f vvaste-filled blood 
avvai from the fetus and tovvard the plaeenta. 

• The ambilieal vein earries oxygenated blood avvay from 
the plaeenta and tovvard the fetus. 

Hovvever, much ofthe fetus' blood is a blend ofoxygenated 
and unoxygenated blood. 




The Body AT WORK 



With the neonate's first breath, fetal eirealation ehanges. As 
soon as the \ungs are ealled upon to supply the fetus vvith 
oxygen, theydemand a largersapplyofblood. To meet this 
need, the ductus arteriosus eloses so that blood no longer 
bypasses the lungs. Then, vvhen blood flovvs into the left 
atrium aftercirculating throagh thelangs, the nevvly arriving 
blood inereases the pressare in the left atriam. The inereased 
pressare pashes baek the flaps ofthe foramen ovale and 
eloses the hole. Finally, the ductus venosus deteriorates, 
eventaally beeoming a ligamentin the liver. 
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Fetal Development 

During the first three months following eoneeption, the outward appearanee of the embryo ehanges rapidly as it develops 
into a fetus. During the last six months, the organs that formed during the embryonie stage mature and beeome functional. 
The fetus also continues to grow and accumulate fat stores. 


Week4 

• The brain, spinal eord, and heart begin to develop. 

• The gastrointestinal traet begins to form. 

• The heart begins to beat about day 22. 

• Tiny buds that will beeome arms and legs are visible. 

• Length: 0.25 ineh (0.6 em) 



Week8 

The embryo is now a fetus. 

Eyes, ears, nose, lips, tongue, and tooth buds take shape. 
Head is nearly as large as the rest of the body. 

Brain waves are deteetable. 

The arms and legs are reeognizable. 

Blood eells and major blood vessels form. 

Bone ealeifieation begins. 

Genitals are present but gender is not distinguishable. 
Length: 1.2 inehes (3 em) 



Week 12 

The faee is well formed. 

The arms are long and thin. 

The sex is distinguishable. 

• The liver produces bile. 

The fetus swallows amniotie fluid and produces urine. 
The eyes are well developed but the eyelids are fused 
shut. 

Length: 3.54 inehes (9 em) 



Week 16 

• The sealp has hair. 

• The lips begin sucking movements. 

• The skeleton is visible. 

• The heartbeat ean be heard with a stethoseope. 

• The kidneys are well formed. 

• Length: 5.5 inehes (14 em) 


FAST FACT 


Between the fourteenth and twenty-second 
weeks of pregnaney, maternal blood is often 
sereened for alpha-fetoprotein (AFP). AFP is a 
protein produced by the fetal yolk sae and, 
later, by the fetal liver. High levels of AFP 
suggest eertain abnormalities, such as a neural 
tube defeet in the developing fetus. Low levels 
suggest a ehromosomal abnormality, such as 
Down syndrome. 















Week 20 

• A fine hair ealled lanugo eovers the body, which, in turn 
is eovered by a white eheese-like substance ealled vernix 
easeosa; both these substances proteet the fetus'skin 
from amniotie fluid. 

• Fetal movement (quickening) ean befelt. 

• Nails appear on fingers and toes. 

• Length: 8 inehes (20 em) 



Week 24 

• The fetus has a startle reflex. 

• Lungs begin producing surfactant, a lipid and protein 
mixture that reduces alveolar surface tension. 

• Skin is wrinkled and translucent. 

• The fetus gains weight rapidly. 

• Length: 11.8 inehes (30 em) 


Week 28 

• The eyes open and elose. 

• The respiratory system, although immature, is eapable of 
gas exchange at 28 weeks. 

• Testes begin to deseend into the scrotum. 

• The brain develops rapidly. 

• Length: 14.8 inehes (37.6 em) 

Week32 

• The amount of body fat inereases rapidly. 

• Rhythmie breathing movements begin, although lungs 
are still immature. 

• The bones are fully formed, although they are still soft. 

• Length: 16.7 inehes (42 em) 

Week 36 

• More subcutaneous fat is deposited. 

• Lanugo has mostly disappeared, although it's still 
present on the upper arms and shoulders. 

• Length: 18.5 inehes (47 em) 



Life lesson: Respiratory 
distress syndrome 

Because neonates born before 7 months laek pulmonary 
surfactant, they typieally develop respiratorydistress 
syndrome (RDS) after delivery. Surfactant serves to keep 
the alveoli from stieking together during exhalation. 
Without surfactant, the alveoli eollapse every time the 
neonate exhales. As a result, he must work hard with every 
breath, exerting eonsiderable energy just to reinflate the 
alveoli. 

The eondition is usually treated with meehanieal 
ventilation that provides air at a positive pressure; this 
helps keep the alveoli inflated between breaths. Even so, 
RDS is the most eommon cause of neonatal death. 



FAST FACT 


Experts now define “fnll term” as being a 
two-week window starting at 39 weeks because 
those newborns tend to have the best health 
outcomes. Those born during a two-week 
window starting at 37 weeks are ealled “early 
term,” whereas those born during a two-week 
window starting at 41 weeks are ealled “late 
term.” 
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Body System 

Digestive system 



Circulatory system 



Respiratory system 



LJrinary system 



lntegumentary system 



Uterus 



ieal Changes Dining Pregnaney 



Pregnaney ehallenges almost every body system as the woman’s body nourishes and earries the developing fetus. The 
following ehart lists some of the key ehanges experienced by pregnant women. 


Changes 

• Nausea and vomiting (morning siekness) eommonly occur during the first three 
months; the cause is unknown. 

• Constipation often resultsfrom deereased intestinal motility. 

• Heartburn is a frequent occurrence later in the pregnaney as the enlarging uterus 
presses upward on the stomaeh. 

• The basal metabolie rate rises about 15% during the seeond half of the pregnaney, 
and the mother's appetite inereases. 

• The mother's blood volume inereases by 30% to 50%. 

• Cardiac output inereases 30% to 40% by week 27 as the uterus demands more of the 
blood supply; at the same time, heart rate also inereases. 

• Later in the pregnaney, the uterus exerts pressure on the pelvie blood vessels, 
interfering with venous return; hemorrhoids, varieose veins, and swelling in the feet 
may result. 

• Ventilation inereases about 50% to meet the inereased demands for oxygen caused by 
the developing fetus. 

• Late in the pregnaney, the enlarged uterus pushes against the diaphragm, often 
causing shortness of breath. 

• inereased estrogen levels cause the nasal mucosa to swell, resulting in nasal stuffiness. 

• An inerease in aldosterone promotes water and salt retention by the kidneys. 

• The glomemlarfiltration rate inereases to deal with the added burden of disposing of 
the fetus'waste; this leads to a slightly elevated urine output. 

• Later in the pregnaney, the enlarged uterus presses on the bladder and reduces its 
eapaeity; this leads to inereased frequency of urination. 

• The skin of the abdomen grows and stretehes to aeeommodate the expanding uterus; 
this often leads to streteh marks or striae. 

• Skin over the breasts also grows to aeeommodate the breasts, which enlarge in 
preparation for milk production. 


• The uterus enlarges dramatieally during pregnaney. During the first 16 weeks of 
gestation, it grows from the size of a fist until it occupies most of the pelvie eavity. As 
pregnaney continues, the uterus expands until it reaehes the level of the xiphoid 
proeess and fills most of the abdominal eavity. 

• The uterus inereases from its nonpregnant weight of 0.1 Ibs (50 g) to about 2 Ibs 
(900 g) by the end of pregnaney. 


Body System 

Digestive system 



Circulatory system 



Respiratory system 



Urinary system 



lntegumentary system 



Uterus 




Even during the last trimester of pregnaney, 
pregnant women having a normal weight 
need to consume only an additional 300 
keal/day to give them the reeommended 
weight gain of 24 lbs (11 kg). 


























hildbirth 



At the end of a pregnaney, forceful eontraetions of the mother’s uterine and 
abdominal muscles (ealled labor eontraetions) expel the fetus from the mothers 
body. The onset of labor is thought to result from several faetors. These include: 

• A deeline in progesterone: Progesterone inhibits uterine eontraetions. After 
six months of gestation, the level of progesterone deelines. Meanwhile, the level 
of estrogen, which stimulates uterine eontraetions, continues to rise. Falling levels 
of progesterone eombined with rising levels of estrogen lead to uterine irritability. 

• The release of oxytocin (OT): Toward the end of pregnaney, the posterior 
pituitary releases more oxytocin, a hormone that stimulates uterine eontraetions. At 
the same time, the uterus beeomes inereasingly sensitive to oxytocin, peaking just 
before the beginning of labor. In addition, oxytocin causes the fetal membranes to 
release prostaglandins, another substance that stimulates uterine eontraetions. 

• Uterine stretehing: As with any smooth muscle, stretehing inereases eontraetility. 


FAST FACT 


The proeess of giving birth is 
ealled parturition. 


Stages of Labor 

Labor occurs in three stages known as the dilation, expulsion, and plaeental stages. 

Stage 1: Dilation ofthe Cervix 

The fìrst stage of labor is the longest stage. It lasts 6 to 18 hours in women giving 
birth for the first time (primipara); it’s usually shorter in women who have 
previously given birth (multipara). 


FAST FACT 


Late in the pregnaney, the uterus 
normally exhibits weak, irregular 
Braxton-Hicks eontraetions. 

These are sometimes known as 
false labor. 


The key features of this stage are: 


• Cervical effaeement: the progressive thinning of the eervieal walls 

• Cervical dilation: the progressive widening of the cervix to allow for passage of 
the fetus 


The fetal membranes usually rupture during dilation, releasing amniotie fluid; 
this is often referred to as the water breaking. 

When the cervix is fully dilated to approximately 4 inehes (10 em), the seeond 
stage of labor begins. 



Plaeenta 


Uterus 


Umbilical 

eord 


Cervix 

Vagina 


Beginning of dilation 



Ruptured 

membrane 


Fully effaeed and dilated; 
membranes have ruptured 
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Stage 2: Expulsion ofthe Baby 

The seeond stage of labor—which begins with full dilation 
of the cervix and ends when the baby is born—lasts 30 to 
60 minutes in primiparous women but ean be much 
shorter in multiparous women. 

Normally, the head of the baby is delivered first. (The 
fìrst appearanee of the top of the head is ealled crowning.) 
To faeilitate the passage of the head, a surgical ineision is 
sometimes made between the vagina and the anus to 
enlarge the vaginal opening; this is ealled an episiotomy. 

As soon as the head emerges, mucus is eleared from the 
baby’s mouth and nose so he ean begin breathing. The 
umbilical eord is elamped and cut, and the third stage 
begins. 


Plaeenta 



Expulsion of the plaeenta 



Expulsion of the fetus 


Stage 3: Delivery ofthe Plaeenta 

The final stage involves delivery of the afìterbirth: the 
plaeenta, amnion, and other fetal membranes. After 
delivery of the baby, the uterus continues to eontraet. These 
eontraetions cause the plaeenta to separate from the uterine 
wall; then, as they continue, they expel the fetal membranes 
from the body. The eontraetions also help seal any blood 
vessels that are still bleeding. 




FAST FACT 


Sometimes the baby fails to turn 
head-down in the uterus and the 
buttocks are delivered first; this is 
ealled a breeeh birth. 
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Laetation 



Following ehildbirth, the mammary glands produce and seerete milk (ealled laetation) to nourish the newborn ehild (ealled 
a neonate). The proeess of preparing the mammary glands, as well as the proeess of producing and seereting milk, depends 
on the aetions of various hormones. Speeifieally, development of the structure of the mammary glands depends on estrogen 
and progesterone, while the hormones prolaetin and oxytocin eontrol milk production and seeretion. 



High levels of estrogen during pregnaney 
stimulate the growth of ducts throughout 
the mammary glands. 


High levels of progesterone stimulate the 
development of aeini at the ends of the 
ducts. 


The production of milk depends on the hormone prolaetin, while the seeretion of milk through the nippl 
depends on the hormone oxytocin. 




Suckling by the neonate sends nerve impulses to the 
anterior and posterior pituitary gland. 


The anterior pituitary seeretes prolaetin, which initiates 
the production of milk. (Every time the neonate nurses, 
the mother's prolaetin levels surge;this boosts milk 
production for the next feeding.) 

Anterior pituitary 4 Prolaetin 4 IVIilk production 



The posterior pituitary seeretes oxytocin. Oxytocin 
causes the lobules in the breast to eontraet, foreing milk into 
the ducts. (This is known as the milk let-down reflex.) 
Posterior pituitary Oxytocin IVIilk seeretion 





The Body AT WORK 

During pregnaney, high levels ofestrogen bloek the seeretion ofprolaetin, keeping milk production at bay. As soon as 
the plaeenta is delivered, the levels ofestrogen plummet: the anteriorpituitary begins seereting prolaetin and milk 
production begins. A lag oftvvo to three days oeears, hovvever, betvveen the birth ofthe baby and the seeretion of 
milk. In the interim, the breasts seerete a thin, yellovvish fluid ealled colostrum. Colostrum is rieh in protein and 
immunoglobulins thatprovide the neonate vvith passive immunity. 

The eomposition ofbreast milk ehanges daily and even over the course ofa feeding. The milk seereted at the 
beginning ofa feeding (ealled foremilk) is thin, bluish in eolor, lovvin fat, and high in earbohydrates. The milk 
seereted tovvard the end ofa feeding (ealled hindmilk) is thieker, vvhiter, and much higherin fat. 

The VVorld Health Organization reeommends that vvomen breastfeed exclusively for the first six months oflife. 
Numerous studies shovv that breastfeeding lovvers risks for sudden infantdeath syndrome (SIDS), infeetion, asthma, 
eezema, dentalproblems, and obesity. Breastfeeding also triggers uterine eontraetions that help reduce postpartum 
bleeding and also prompts the uterus' retarn to its pre-pregnaney size. 
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Immediately following birth, the neonate’s body undergoes a number of ehanges as it adapts to life outside the mother’s 

body. These ehanges affeet most body systems. 

• Cardiovascular: Pressure ehanges in the heart cause the foramen ovale to shut, while pressure ehanges in the 
pulmonary artery and aorta lead to the eollapse of the ductus arteriosus. (The foramen ovale seals permanently 
during the fìrst year of life, while the ductus arteriosus eloses permanently about three months of age.) 

• Respiratory: Although most neonates begin breathing spontaneously, the first few breaths require eonsider- 
able effort as they work to inflate the eollapsed alveoli. 

• Immune system: Neonates have weak immune systems at birth, plaeing them at risk for infeetion. 

• Thermoregulation: Neonates risk beeoming hypothermie because their surface area, in relationship to their 
size, is larger than in an adult. 

• Fluid balanee: Neonates require a fairly high fluid intake because their immature kidneys do not eoneentrate 
urine adequately. 


Life lesson: 

Apgar seore 

The first few minutes following birth are eritieal in 
the life of a neonate. With this in mind, a seoring 
system, ealled the Apgar seore, is used to rate the 
neonate's eondition and determine the need for 
respiratory support during this timeframe. 

At 1 minute and 5 minutes following birth, the 
neonate is evaluated for heart rate, respiratory 
effort, skin eolor, muscle tone, and reflexes. Eaeh 
eriterion is seored 0,1, or 2, with 0 being poor and 
2 being excellent. The five values are then added 
together to give a total Apgar seore. Seores 7 to 10 
are normal; seores 4 to 6 are fairly low; seores 3 and 
below are eritieally low. A low Apgar seore at 1 
minute indieates that the neonate needs medieal 
attention, but it does not neeessarily mean that 
the ehild will suffer from long-term problems, 
particularly if the 5-minute seore shows 
improvement. 

Be aware that the Apgar seore is used only to 
determine the neonate's immediate need for 
medieal support. It is not designed to prediet 
future health problems. 


CT 


Although some body systems (such as the 
cardiovascular, respiratory, and gastrointestinal 
systems) undergo signifieant ehange at birth, other 
systems take years to develop. For example, 
myelination of the nervous system isn t eomplete 
until adoleseenee. 



The Body AT WORK 



Human development continues throughoutthe 
lifespan. Follovving the neonatal period (vvhieh 
eneompasses the first four vveeks oflife), the 
developmental stages are: 

• infaney, vvhieh lasts until the endofthe first 
year 

• ehildhood, vvhieh lasts from the beginning 
ofthe seeondyear until puberty 

• Adoleseenee, vvhieh lasts from pubertyuntil 
aboutage 19 

• Adulthood 

Most body systems peakin developmentand 
effieieney during early adulthood. After that, a 
gradual but eertain deeline occurs. This proeess of 
degeneration is ealled seneseenee. The proeess of 
aging affeets everyorgan system, vvith eaeh 
experiencing a loss ofreserve eapaeity, an 
impaired ability to repair damage, and an 
inereased susceptibility to disease. 
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Amnion: Transparent sae enveloping 
the embryo and fetus; fìlls with 
amniotie fluid 

Blastoeyst: Cell cluster (forming at the 
end of preembryonie development) 
that implants in the endometrium 

ehorion: Outermost fetal membrane 
that develops projeetions (ehorionie 
villi) that penetrate the uterus 

Colostrum: Thin, yellowish fluid rieh 
in protein and immunoglobulins 
seereted by the mother’s breast for the 
fìrst few days following delivery 

Ductus arteriosus: Shunt existing 
between the pulmonary artery and 
deseending aorta that is present 
during fetal development 

Ductus venosus: Shunt bypassing the 
fetal liver that is present during fetal 
development 

Eetoderm: The outer germ layer in a 
developing embryo 

Effaeement: Progressive thinning of 
eervieal walls during fìrst stage of 
labor 


Embryo: Stage of development 
beginning 16 days after eoneeption 
and lasting until the eighth week 

Endoderm: Innermost of the three 
germ layers in a developing embryo 

Fertilization: The union of an egg and 
a sperm, which is the beginning of 
human development 

Fetus: Stage of development 
beginning the eighth week and lasting 
until birth 

Foramen ovale: Opening between the 
right and left atria present during fetal 
development; normally eloses shortly 
after birth 

Gestation: Length of time from 
eoneeption until birth 

Human ehorionie gonadotropin (HCG): 

Hormone seereted during the early 
part of pregnaney that prompts the 
corpus luteum to seerete estrogen and 
progesterone; forms the basis for most 
pregnaney tests 

Laetation: The proeess whereby the 
mammary glands seerete milk 


Mesoderm: The middle germ layer in 
a developing embryo 

Morula: Cluster of 16 eells resulting 
from eleavage of an ovum 

Multipara: Woman who has previously 
given birth 

Plaeenta: Paneake-shaped aeeessory 
organ that supplies the fetus with 
oxygen and nutrients and also seeretes 
the hormones neeessary to maintain 
the pregnaney 

Primipara: Woman giving birth for the 
fìrst time 

Trophoblast: Outermost layer of the 
developing blastoeyst 

Umbilical eord: Cord eontaining two 
arteries and one vein that attaeh the 
developing fetus to the plaeenta 

Zona pellucida: Gel-like membrane 
surrounding the ovum 

Zygote: A fertilized egg 



To make the information in this ehapter part of your 
working memory, take some time to refleet on what you’ve 
learned. On a separate sheet of paper, write down 
everything you reeall from the ehapter. After you’re done, 
log on to the DavisT/í/j website, and eheek out the Study 
Group podeast and Study Group Questions for the ehapter. 

Key Topies for Chapter 24: 

• Proeess of fertilization 

• Stages of prenatal development 

• Implantation 


Development of germ layers 

Development of extraembryonic membranes 

Development of, and fìmetion of, the plaeenta and 

umbilical eord 

Fetal circulation 

Milestones in fetal development 

Physieal ehanges during pregnaney 

Childbirth 

Laetation 

Physieal ehanges in the neonate 
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Test Your Knowledge 



Anstvers: Chapter 24 

1 . Correct ansiver: d. The fertilized egg is known as an 
embryo from the third until the eighth week, a 
zygote at the time of fertilization, and a mornla 
when it fìrst enters the uterine eavity. 

2. Correct answer: b. The egg is viable for 24 hours, and 
it takes 72 hours for the egg to reaeh the uterus. 

3. Correct answer: a. The inner eell mass separates 
from the trophoblast to form the amniotie eavity. 
The plaeenta begins to form during implantation 
when speeialized eells in the trophoblastie layer 
extend into the endometrium. The inner portion 
of the embryotie dise multiplies to form the yolk 
sae; however, the three germ layers are much more 
signifìeant as these are the layers that produce all 
the organs and tissues of the body. 

4. Correct answer: d. The other tasks are all 
performed by the plaeenta. 

5. Correct answer: d. The plaeenta begins seereting 
large amounts of estrogen and progesterone after 
the fìrst two months of pregnaney. The ehorion 
and allantois do not play a role in estrogen and 
progesterone seeretion. 

6. Correct answer: a. Even though the mother should 
avoid such hazards throughout the pregnaney, the 
developing fetus is most vulnerable during the fìrst 
trimester. 

7. Correct answer: a. The ductus venosus diverts 
blood from the umbilical vein to the inferior vena 
eava so as to bypass the liver. The ductus arteriosus 
diverts blood from the pulmonary artery to the 
deseending aorta to bypass the lungs. There is no 
shunt from the umbilical artery to the umbilical 
vein. 


1. The fertilized egg is at which 
stage when it implants in the 
uterus? 

a. Embryo 

b. Zygote 
e. Mornla 

d. Blastoeyst 

2. How long ean sperm remain 
viable within the female 
reproductive traet? 

a. As long as 72 hours 

b. As long as 6 days 

e. 24 hours 

d. 14 hours 

3. What is the signifìeanee of the 
embryotie dise? 

a. It gives rise to the three germ 
layers. 

b. It develops into the amniotie 
eavity. 

e. It develops into the plaeenta. 

d. It develops into the yolk sae. 

4. Which is a function of the yolk 
sae? 

a. Seerete HCG 

b. Supply the fetus with oxygen 

e. Supply the fetus with nutrients 
d. Seerete progesterone 


5. During the fìrst two months of 
pregnaney, what is the source of 
estrogen and progesterone? 

a. Plaeenta 

b. Chorion 
e. Allantois 

d. Corpus luteum 

6 . During which stage of pregnaney 
is the developing fetus most 
vulnerable to toxins, stress, drugs, 
and nutritional defìeieneies? 

a. First trimester 

b. Seeond trimester 

e. Third trimester 

d. Throughout the entire 
pregnaney 

7. What is the fìmetion of the 
foramen ovale? 

a. Divert blood from the right to 
the left atrium 

b. Divert blood from the 
umbilical vein to the inferior 
vena eava 

e. Divert blood from the 
pulmonary artery to the 
deseending aorta 

d. Shunt blood from the 
umbilical artery to the 
umbilical vein 









8. Correct ansiver: d. None of the other answers is 
eorreet. 

9. Correct answer: e. The prodtiet of eoneeption is 
known as an embryo onee the germ layers are 
formed; it is known as a zygote at the moment of 
fertilization. The heart begins to beat on day 22; 
the prodtiet of eoneeption isn’t known as a fetus 
until the ninth week, which is after the organs are 
formed (which occurs in the embryonie stage). 

10. Correct answer: e. Estrogen stimulates the growth 
of ducts throughout the mammary glands. 
Oxytocin is responsible for the seeretion of milk. 
Progesterone stimulates the development of aeini 
at the ends of the ducts. 


8 . Fertilization normally occurs in 
the: 

a. uterus. 

b. vagina. 
e. cervix. 

d. fallopian tube. 

9. At which point is the product of 
eoneeption ealled a fetus? 

a. Onee the germ layers are 
formed 


b. At the moment of fertilization 
e. After the organs are formed 

d. When the heart begins to beat 

10. Which hormone is responsible 
for the production of milk in the 
mammary glands? 

a. Estrogen 

b. Oxytocin 

e. Prolaetin 

d. Progesterone 
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i . Go to http://davisplus.fadavis.com Keyword: 

f LJdíVÌSrlAA^ fhompson to see all ofthe resources available 

with this ehapter. 
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LEARNING OUTCOMES 


1. Differentiate between heredity and geneties. 


2. Explain the relationship between 


ehromosomes, DNA, and genes. 


3. Deseribe how ehromosomes are paired in the 


human karyotype. 


4. Explain howthegenderofoffspring is 


determined. 


5. Define allele and deseribe how allele traits are 


expressed. 


6. Discussthe proeess of sex-linked inheritanee. 


Explain autosomal dominant and autosomal 


reeessive inheritanee, and state the 


pereentage ehanee that a disease will be 


expressed. 


8. Explain what occurs in nondisjunction and 


identify a eommon disorder resulting from 


nondisjunction. 


9. Discussthe interaetion between heredity and 


the environment. 
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Despite eonsisting ofjust four dijferent building bloeks , DNA 
eontains all the information neeessary to build a human being. 

Contained within almost every human eell is a eomplete eopy of a person’s genetie blueprint. This blueprint dietates more 
than physieal appearanee; it also determines key physiologieal traits, such as athletie ability, as well as the tendeney to 
develop eertain diseases, such as heart disease and eaneer. A persons genetie makeup is determined at the time of fertilization 
when an egg and sperm fuse, ereating a new human being with a blend of traits from both parents. This proeess of passing 
traits from biologieal parents to ehildren is ealled heredity, whereas the study of heredity or inheritanee is ealled geneties. 

A person’s genetie information is earried in genes, which are segments along strands of DNA. In turn, DNA (and its 
aeeompanying genes) is paekaged into ehromosomes. 


All human eells (except for germ eells) 
eontain 23 pairs —a total of 46 
individual— ehromosomes 


Chromosomes eonsist of long strands 
of tightly eoiled DNA. 




FAST FACT 


If it were to be unwound, the 
DNA eontained within a single 
eell would measure 6 feet long. 


Segments of DNA, ealled genes, eontain 
the traits that eaeh person inherits. Genes 
vary in size, ranging from a few hundred 
DNA bases to more than 2 million. 


FAST FACT 


Eaeh eell eontains 25,000 to 


35,000 genes. 
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Chromosomes 



Of the 23 pairs of ehromosomes eontained within the eell’s nucleus, 22 are matehed with a similar-looking (homologous) 
ehromosome. The following ehart (ealled a karyotype) shows all the ehromosomes, arranged in order by size and structure 







Eaeh pair of ehromosomes eonsists ofa ehromosome 
inherited from the mother and a ehromosome inherited from 
thefather. (See'The Body atWork"on this page.)These 
ehromosomes are ealled autosomes. 







The members of the last pair of ehromosomes are known as 
the sex ehromosomes. In females, both ehromosomes are 
relatively large and are designated by the letter X. In males, 
one sex ehromosome is an X ehromosome and one is a 


smaller ehromosome designated by the letter Y. 





The Body AT WORK 

Gametes (eggs and sperm) are the onlyeells 
thateontain a single (unpaired) setof 
23 ehromosomes. Atfertilization, the 
ehromosomes from the father (eontained in 
thesperm) align i /vith similarehromosomes 
from the mother (eontained in the egg) to 
ereate a setof23 pairs, or46 ehromosomes. 
Consequently, the fertilizedegg—as well 
as all the eells ofthe body that arise from 
it—eontains genetieinstmetions from both 
the motherand the father. 









The Body AT WORK 

Eaeh gamete produced by a 
female eontains only an X 
ehromosome, whereas the 
gametes produced by a male 
may eontain either anXoraY 
ehromosome. When a sperm 
with an Xehromosome 
fertilizes an egg, the offspring is 
female (two Xehromosomes). 
When a sperm with a Y 
ehromosome fertilizes an 
ovum, the offspring is male 
(oneXand one Y 
ehromosome). 


Female 

ehild 




X 


Male 

ehild 
















































Eaeh ehromosome eontains anywhere from a few hundred to several thousand genes. 




The loeation of a speeifie gene on a 
ehromosome is ealled its locus.The locus 
of eaeh gene does not vary from one 
person to another. (This allows the genes 
supplied by the egg to align with the 
similar genes supplied by the sperm.) 


Homologous ehromosomes 


Even though homologous ehromosomes earry the same gene at the same locus, they may earry an alternative form of that 
gene (ealled an allele). Alleles produce variations of a trait (such as brown versus blue eyes or curly versus straight hair). An 
individual may have two alleles that are the same or two alleles that are different. 


If a person has two alleles that are the 
same, the person is said to be 
homozygous for that trait. 



Homozygous 


Gene 

alleles 










alleles 



Heterozygous 


If the alleles are different, the person is said 
to be heterozygous In heterozygous 
individuals, the trait that beeomes 
deteetable (ealled gene expression) depends 
on whether the allele is dominant or 


reeessive. 




A dominant allele overshadows the effeet of a reeessive allele. Offspring express the trait of a dominant allele if both, or 
only one, ehromosome in a pair earries it. For a reeessive allele to be expressed, both ehromosomes must earry identieal alleles. 
As an example, eonsider the allele for brown eyes (which is dominant) and blue eyes (which is reeessive). 



• When an allele for brown eyes is paired with an allele 
for blue eyes, the offspring (who is heterozygous for 
the trait) will have brown eyes. 


• When an allele with brown eyes is paired with 
another allele for brown eyes, the offspring (who is 
homozygous for that trait) will have brown eyes. 


• When an allele with blue eyes is paired with another 
allele for blue eyes, the offspring (who is homozygous 
for that trait) will have blue eyes. 



FAST FACT 


A eomplete set of genetie 
information for one 
person (which is earried 


the 23 pairs of 
ehromosomes) is e 

genome. 


a 




Some alleles are equally dominant (eodominant). In this instanee, both alleles are expressed. An example of eodominanee is 
the AB blood type. 
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The Body AT WORK 

VVhile it is generally true that genes for brovvn eyes are dominant over genes for green eyes, andgenes for both brovvn 
andgreen eyes are dominantover genes for blue eyes, the expression ofeye eolor is not that simple. Eye eolor results 
from the presenee ofmelanin in the iris. The varioas eombinations ofyellovv and blaek melanin produce the shades 
ofeye eolor ranging betvveen brovvn and bìue, such as green and hazel. Manydifferentgenes partieipate in melanin 
production. Ifone ofthese genes eontains a mutation, the eye eolor ofthe offspring vvill be affeeted. That's vvhy it's 
possible for blue-eyedparents to give birth to a ehild vvith green or brovvn eyes. For example, ifa blue-eyed man has a 
"brovvn-eye gene" because ofa mutation, thatgene would dominate the woman's "blue-eye gene,"and the offspring 
would have brown eyes. 

The phenomenon whereby genes at two or more loei eontribate to the expression ofa single trait is ealled 
polygenie inheritanee. Skin eolor is another example ofpolygenie inheritanee, as are eertain diseases such as eaneer, 
heart disease, asthma, and even some mood disorders. 



FAST FACT 


The genetie information stored at the locus of a 
gene, even if the trait is not expressed, eonstimtes a 
persons genotype. The deteetable, outward 
manifestation of a genotype is ealled a phenotype. 



Linked inheritanee 


Some traits, ealled sex-linked traits, are earried on the sex ehromosomes. Almost all of these traits, which are reeessive, are 
earried on the X ehromosome—mainly because the X ehromosome has much more genetie material than does the Y. An 
example of a eommon sex-linked eondition is red-green eolor defìeit (eolor blindness). 


7 



Female 




Reeessive 

allele 






Dominant allele 
(bloeks reeessive 
allele) 



If a woman inherits the allele for this eondition, the allele on her 
other X ehromosome would overpower the reeessive allele. 
Consequently, she would be a earrier of thetrait but would not 
exhibit any symptoms. 


Because a man has only one X ehromosome, he 
does not have a dominant matehing allele to 
overpower the X-linked reeessive trait. As a result, 
he would be eolor-blind. 



FAST FACT 



The X ehromosome earries hundreds 
of genes, most of which have nothing 
to do with determining gender. 
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Genetie Disorders 


Most of the time, DNA replieates smoothly; however, errors ean occur. Such errors range from a mutation in a single gene 
to the addition or subtraction of an entire ehromosome or set of ehromosomes. 

Single-Gene Disorders 

A permanent ehange in genetie material is known as a mutation. Although mutations may occur 
spontaneously, they ean also result from exposure to radiation, eertain ehemieals, or virnses. A variety of 
disorders result from inheriting defeetive genes. Ranging in severity from mild to fatal, some of these disorders 
beeome apparent soon after birth, while others don’t reveal themselves for years. A few of the diseases that 
result from mutations include siekle eell disease, severe eombined immunodefìciency syndrome (SCID), 
phenylketonuria (PKU), Huntingtons disease, and eystie fìbrosis. In some diseases (like Huntingtons disease), 
the defeetive gene is dominant; in other diseases (like eystie fìbrosis), it is reeessive. 


Aiitosomal Dominant inheritanee 

When the defeetive allele is dominant, it overrides the 
normally fìmetioning gene and the disorder results. The 
following diagram illustrates how disease occurs. Because 
eaeh ehild reeeives one eopy of the gene from the mother 
and one from the father, he or she has a 50% ehanee of 
inheriting the defeetive gene and developing the disorder. 


Atitosomal Reeessive inheritanee 

In autosomal reeessive disorders, the offspring must inherit 
two eopies of the defeetive allele before the disorder 
manifests itself. Children who inherit a single eopy of the 
allele beeome earriers of the disorder. This means that they 
ean pass the disorder on to their ehildren, but they 
personally won’t develop the disorder. A ehild has a 25% 
ehanee of inheriting the defeetive allele from both parents 
and, as a result, developing the disorder. 



Affeeted Llnaffeeted llnaffeeted Affeeted 


ehild ehild ehild ehild 



Llnaffeeted 
earrier 
father 


Llnaffeeted 

earrier 

mother 


Defeetive 

reeessive 

allele 


Normal 
reeessive 
allele 


Llnaffeeted Llnaffeeted Llnaffeeted Affeeted 
ehild earrier ehild earrier ehild ehild 


Life lesson: Cystic fibrosis 

A defeetive gene on ehromosome 7 causes a eommon and severe inherited disease ealled eystiefibrosis.The protein 
produced by this gene normally regulates the transfer of sodium into and out of eells. Hovvever, because of the mutation, 
the transfer is impaired; this causes exocrine eells to seerete profuse amounts of thiek, stieky mucus. The excess mucus 
causes particular problems in the lungs and intestines, vvhere it leads to eomplieations such as infeetions, bloekages, and 
difficulty digesting food. People with eystie fibrosis have a reduced life expectancy. Because this is a reeessive disorder, 
the ehild must reeeive the defeetive gene from eaeh parent to manifest the disease. 
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PART VContinuity 



ehromosome Abnormalities 

In these disorders, large segments of a ehromosome, or even entire ehromosomes, are 
missing, duplicated, or otherwise altered. The most eommon disorders result when 
homologous ehromosomes fail to separate during meiosis. This is ealled nondisjunction. 


Normal 

disjiinetion 


-Z -‘I 



Reeall that, in meiosis, homologous ehromosomes 
separate to produce two daughter eells with 23 
ehromosomes eaeh. The separation proeess is 

ealled disjunction. 




Fertilization supplies another 23 ehromosomes, 
resulting in a eomplete set of 46 ehromosomes. 






FACT 



Several tests, including ehorionie villus sampling, 
amnioeentesis, and umbilical blood sampling, ean 
identify the presenee of an extra ehromosome 21 in 
a developing fetus. 



Life lesson: 

Down syndrome 

Most pregnaneies involving extra or 
missing ehromosomes end in misearriage. 
The most survivable trisomy, and therefore 
the most eommon, is Down syndrome or 
trisomy21. People with Down syndrome 
have distinetive physieal features, including 
a round faee, flattened nose,"Oriental"folds 
around the eyes, an enlarged tongue, and 
short fingers. Most have severe to profound 
mental retardation and also suffer from 
abnormalities of the heart and kidneys. 


Nondisjunction 



In nondisjunction, a pair of ehromosomes fails 
to separate: both ehromosomes go to the same 
daughter eell, while the other daughter eell 

doesn’t reeeive a ehromosome. 


/ 




When fertilization adds the matehing ehromosome, 
one daughter eell has three of that particular 
ehromosome (ealled trisomy), while the other 
daughter eell has one ehromosome with no mate 

. (ealled monosomy). . 























































Nondisjnnetion ofSex Chromosomes 

Nondisjunction ean affeet sex ehromosomes as well as autosomal ehromosomes. The effeets 
from nondisjunction of a sex ehromosome typieally arent as severe as nondisjunction of an 
autosomal ehromosome. In faet, a boy with an extra Y ehromosome or a girl with an extra 
X ehromosome will usually have no symptoms. However, if a male inherits an extra 
X ehromosome, or if a girl laeks an X ehromosome, symptoms beeome apparent. 



If a boy inherits an extra X 
ehromosome (XXY), Klinefelter 
syndrome develops.This 
syndrome—which usually beeomes 
apparent at puberty when seeondary 
sexual eharaeteristies fail to 
develop—is eharaeterized by 
undeveloped testes, sparse body hair, 
unusually long arms and legs, 
enlarged breasts, low intelligenee, 
and sterility. 



Nondisjunction occurs when 
the X ehromosome fails to separate. 





Fertilization by a sperm 
with the Y ehromosome 
results in XXY: 
Klinefelter syndrome. 


Fertilization by a sperm 
with the X ehromosome 
results in XO: 
Turner syndrome. 



If a girl is born with only one X 
ehromosome, Turner syndrome 

develops.This syndrome beeomes 
apparent at puberty when seeondary 
sexual eharaeteristies fail to develop. 
Other features include a webbed 
neek and short stature. 


Multifactorial Disorders 

Many eommon diseases fall into a eategory ealled multifactorial inheritanee. This means 
that environmental faetors have a strong influence over genetie mutation, determining the 
progression of a disease or even whether the disease develops at all. 

For example, heart disease tends to run in families, meaning it has a genetie link. Of 
course, environmental faetors (such as diet, exercise, and whether or not a person smokes) 
also influence the onset and progression of heart disease. Other examples of multifactorial 
disorders include hypothyroidism, diabetes, and eaneer. 


FAST FACT 


At least 10% of sperm and 25% of ooeytes have 
extra, missing, or broken ehromosomes; however, 
zygotes with extra or missing ehromosomes dont 
usually survive more than a few days. 








Life lesson: Hnman genome projeet 

Beginning in 1990 and ending in 2003, a team of seientists studied the human genome to determine its 
entire sequence of DNA and the loeation and identity of all genes. Just one of the many faseinating 
findings is that all humans are 99.99% genetieally identieal. Even so, with just the .01 % variation, over 
3 million base pairs differ between individuals. 

But perhaps the most exciting result of the projeet is the implieation for medieine. Knowing the 
sequence of someone's genome could help doetors prediet that person's riskfor disease instead of just 
treating it onee it develops. Other benefits include deteeting a disease earlier and then fine-tuning 
treatment aeeording to that individuars genetie makeup. New treatments, too, are evolving in which 
healthy genes are introduced into a person's body to replaee the speeifie genes that are defeetive. This 
would allow more effeetive treatment of a variety of diseases and eonditions, including eaneer, 
Alzheimer's disease, Parkinson's disease, hemophilia, diabetes, and even high eholesterol levels. 






FAST FACT 


If the DNA sequence of the human genome 
were to be eomplied in books, it would fill 
200 volumes having 1000 pages eaeh. 




Review of Key Terms 






Allele: Alternative form of a gene 

Aiitosomes: Non-sex ehromosomes 

Carrier: Someone who earries a normal 
gene along with its reeessive allele 

ehromosome: Long strand of DNA 
found in the eell’s nucleus 

Genes: Segments of DNA that eontain 
the traits eaeh person inherits 

Geneties: The study of heredity or 
inheritanee 

Genome: A eomplete set of genetie 
information for one person 

Genotype: The genetie information 
stored at the locus of a gene, even if 
those traits are not expressed 


Heredity: The passing of traits from 
biologieal parents to ehildren 

Heterozygous: Possessing different 
alleles at a given locus 

Homologous: Similar in structure, 
such as two similar ehromosomes that 
are paired together 


Mutation: A permanent ehange in 
genetie material 

Nondisjunction: When ehromosomes 
fail to separate during meiosis 

Phenotype: The deteetable, outward 
manifestation of a genotype 

Polygenie inheritanee: Phenomenon 


Homozygous: Possessing similar alleles whereby genes at two or more loei 


at a given locus 

Karyotype: A ehart showing all the 
ehromosomes arranged in order by 
size and structure 

Locus: The loeation of a speeifie gene 
on a ehromosome 


contribute to the expression of a 
singl 


e trait 


Sex ehromosomes: Chromosomes 
designated by the letters X and Y that 
determine gender 


Own the Information 


To make the information in this ehapter part of your 
working memory, take some time to refleet on what you’ve 
learned. On a separate sheet of paper, write down 
everything you reeall from the ehapter. After you’re done, 
log on to the DavisT/z/j website, and eheek out the Study 
Group podeast and Study Group Questions for the ehapter. 


Key Topies for Ohapter 25: 

The differenee between heredity and geneties 
Chromosomes and the human karyotype 
Genes 

Alleles and the expression of traits 
Sex-linked inheritanee 
Single-gene genetie disorders 

Autosomal dominant and autosomal reeessive inheritanee 
Chromosome abnormalities 
Multifactorial disorders 
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Ansìvers: Chapter 25 

1. Correct ansiver: b. Nucleic aeids make up DNA. 
ehromosomes eontain thousands of genes. 
Autosomes are any ehromosomes other than the sex 
ehromosomes. 

2 . Correct ansiver: a. Although the offspring is unique 
from either parent, he inherits half of his 
ehromosomes from his mother and half from his 
father. 

3. Correct answer: b. A male offspring results when a 
sperm with a Y ehromosome fertilizes an egg. Eggs 
only have X ehromosomes. A sperm with two 

X ehromosomes would be eonsidered abnormal. 

4. Correct answer: e. A locus is the loeation of a 
speeifie gene on a ehromosome. A genome is a 
eomplete set of genetie information for one person. 
A karyotype is a ehart that shows all the 
ehromosomes arranged in order by size and 
structure. 

5. Correct answer: d. A dominant allele overrides a 
reeessive allele and is expressed. A reeessive allele is 
expressed when the eorresponding allele is also 
reeessive. A person who has two alleles that are the 
same is said to be homozygous for that trait. 

6. Correct answer: a. All the other answers are 
ineorreet. 

7. Correct answer: b. All the other answers are 
ineorreet. 


1. Chromosomes eonsist of: 

a. pairs of nucleic aeids. 

b. long strands of tightly eoiled 

DNA. 

e. a single gene. 

d. autosomes. 

2 . The genetie information in male 
offspring is: 

a. inherited from both the father 
and the mother. 

b. inherited from only the father. 

e. inherited from only the 
mother. 

d. unique from that of either 
parent. 

3. Female offspring result when: 

a. a sperm with a Y ehromosome 
fertilizes the egg. 

b. a sperm with an X ehromosome 
fertilizes the egg. 

e. an egg with a Y ehromosome is 
fertilized by a sperm with an 
X ehromosome. 

d. a sperm with two X ehromo- 
somes fertilizes the egg. 

4. An alternative form of a gene is 
ealled: 

a. a locus. 

b. a genome. 

e. an allele. 

d. a karyotype. 

5. Which of the following 
statements about alleles is 
eorreet? 

a. A dominant allele eaneels out a 
reeessive allele and the trait is 
suppressed. 

b. A reeessive allele is expressed 
only when the eorresponding 
allele is absent. 

e. If a person has two alleles that 
are the same, the person is said 
to be heterozygous. 

d. An individual may have two 
alleles that are the same or two 
alleles that are different. 


6 . Which of the following 
statements about sex-linked 
inheritanee is eorreet? 

a. Almost all of the sex-linked 
traits are earried on the 

X ehromosome and are 
reeessive. 

b. Almost all of the sex-linked 
traits are earried on the 

X ehromosome and are 
dominant. 

e. Almost all of the sex-linked 
traits are earried on the Y 
ehromosome and are reeessive. 

d. Almost all of the sex linked 
traits are earried on the 

Y ehromosome and are 
dominant. 

7. Most of the eommon 
ehromosomal abnormalities 
result when: 

a. homologous ehromosomes 
separate repeatedly. 

b. homologous ehromosomes fail 
to separate during meiosis. 

e. an egg is fertilized by more 
than one sperm. 

d. a rmitation occurs. 



B Go to http://davisplus.fadavis.com Keyvvord: 

L/31VÌS r | Thompson to see ali ofthe resources available 

with this ehapter. 
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A 

A (adenine), 48 
Abdominal aorta, 302 
Abdominal eavity, 10 
Abdominal pain, 11 
Abdominal quadrants, 11 
Abdominal regions, 11 
Abdominal wall muscles, 146 
Abdominopelvie eavity, 10 
Abducens nerve, 189, 216 
Abduction, 122 

Abnormal spinal curvatures, 106 
Abseess, 325 
Aeeeleratory eenter, 286 

Aeeessory gland, male reproductive system, 448 
Aeeessory muscles of respiration, 344 
Aeeessory organs, digestive system, 389 
Aeeommodation, 219, 221 
Accumulation, fluid, 377 
ACE (angiotensin-eonverting enzyme), 362 
Acetabulum, 112 

Aeetyleholine (ACh), 135, 136, 169, 192, 196, 198, 199, 286, 288 

Aeetyleholinesterase, 135 

Aeetyl eoenzyme A (aeetyl CoA), 420, 421 

Aehilles tendon, 151 

Aeid-base balanee, 83, 380-383 
Aeid-base imbalanees, 384-385 
Aeidie solution, 28 
Aeid mantle, 322 
Aeidosis, 384 
Aeids, 27, 380 

amino, 31 
Aeinar eells, 401 

Aeini, 243, 455 
Aene, 79 

Acquired immunodefìciency syndrome (AIDS), 332 
Aeromegaly, 233 
Aeromion proeess, 110 
Aerosome, 451 

ACTH (adrenoeortieotropie hormone), 233 
Aetin, 133, 134 

Aetion potential, 167 
Aetive immunity, 327 
Aetive transport, 45-47 
Aetive transport pump, 45, 47 
Acute leukemia, 262 
Acute renal failure, 368 
Adaptation, 206 
Addison’s disease, 242 
Adduction, 122 
Adductor brevis, 149 
Adductor longus, 149 
Adductor magnus, 149 
Adductor muscles, 149 
Adenine (A), 48 
Adenohypophysis, 232 


Adenoids, 320 

Adenosine triphosphate (ATP), 23, 33, 134, 137, 140, 419, 420 
Adenovims, 436 

ADH (antidiuretic hormone), 234, 310, 364, 365, 378 
Adipose tissue, 60, 61, 63, 373 
breast, 455 
Adoleseenee, 478 
Adrenal cortex, 241, 242 
Adrenal eortieal insuffìciency, 242 
Adrenal disorders, 242 
Adrenal glands, 194, 241-242 
Adrenal medulla, 194, 241, 242 
Adrenergie fìbers, 196 
Adrenergie reeeptors, 197, 199 
Adrenoeortieotropie hormone (ACTH), 233 
Aerobie exercise, 153 
Aerobie proeesses, 419 
Aerobie respiration, 140, 419, 420 
Afferent arterioles, 359 
Afferent division, 160 
Afferent lymphatie vessels, 319 
AFP (alpha-fetoprotein), 472 
Afterbirth, 476 
Afterload, 288 
Agglutinate, 267 
Agglutination, 267 
Agglutinins, 267 
Agglutinogen, 266 

Aging 

blood and, 261 

blood pressure and, 311 

brain and nervous system and, 199 

eells and, 50 

digestive system and, 407 
hormones and, 242 
integumentary system and, 76 

menopause, 459 
respiratory system and, 343 
vascular system and, 311 

Agranulocytes, 260, 261 

AIDS (acquired immunodeficiency syndrome), 332 

Airflow, 347-348 
Albinism, 73 
Albumin, 253 

Aldosterone, 241, 242, 310, 362, 364, 378, 379 

Alimentary eanal, 389 

Alkalosis, 384 

Allantois, 469 

Allele, 485 

Allergens, 331 

Allergie reaetions, 331-332 

Allergy, 331 

Alopeeia, 75 

Alpha-(a)-adrenergic reeeptors, 197, 198, 199 
Alpha eells, 243 
Alpha-fetoprotein (AFP), 472 




Alveolar ducts, 340 
Alveolar saes, 340 
Alveolar surface tension, 348 
Alveoli, 341 

Amino aeids, 31, 405, 416, 422 
Ammonia, 363, 422 
Amnion, 469 
Amniotie eavity, 468 
Amniotie fluid, 470 
Amphiarthroses, 119 
Ampulla, 214, 454 
of Vater, 400 

Amygdala, 183, 210, 287 
Amylase, 392, 404, 407 
Anabolism, 23, 419 
Anaerobie fermentation, 419 
Anaerobie proeesses, 419 
Anaerobie respiration, 140 
Anal eanal, 406 
Analgesies, 208 
Anal sphineter, 406 
Anaphase, 51 
Anaphylaetie shoek, 332 
Anaphylaxis, 332 
Anastomosis, 300 
Anatomieal dead spaee, 349 
Anatomieal terms, 7-11 
Anatomy 
defined, 3 
early study of, 3 
hierarehy in organization of, 4 
study of, 3 
typieal, 3 

Androgens, 241, 242 
Anemia, 257, 259, 261 
Aneurysm, 294 
Angina, 281 
Angiotensin, 362 

Angiotensin-eonverting enzyme (ACE), 362 

Angiotensin I, 310, 362 

Angiotensin II, 310, 362 

Angiotensinogen, 362 

Angular gyrus, 186 

Anions, 21 

Ankle 

bones, 114 
muscles, 151 
Annulus fìbrosus, 107 

ANP (atrial natriuretic peptide), 247, 310, 364 

ANS. See Autonomic nervous system (ANS) 

Antagonists, 141 

Anterior eavity of eye, 218 

Anterior ehamber of eye, 218 

Anterior cruciate ligament (ACL), 125 

Anterior deseending artery, 280 

Anterior fontanel, 105 

Anterior pituitary, 232, 477 

Anterior tibial artery, 302 

Anterior tibial vein, 304 

Anterior (ventral), 7 

Antibioties, effeet on mierobiome, 431, 434, 438 
Antibodies, 31, 267, 328, 330 
Antibody-mediated immunity, 327, 330-331 
Antibody titer, 331 


Anticoagulants, 265 
Antieodon, 49 

Antidiuretic hormone (ADH), 234, 310, 364, 365, 378 

Antigen, 266, 328 

Antigen presentation, 329 

Antigen-presenting eell (APC), 329 

Antimierobial proteins, 324 

Anus, 406 

Aorta, 275, 301 

abdominal, 302 
thoraeie, 302 
Aortie areh, 301 
Aortie area, 277 
Aortie body, 287 
Aortie insuffìciency, 277 
Aortie valve, 275, 276 
Apex 

of heart, 273 
of lung, 342 
Apgar seore, 478 
Aphasia, 186 
Apnea, 350 
Apneustic eenter, 345 
Apoerine glands, 77 
Aponeurosis, 132 
Appendages of the skin, 75-77 
Appendeetomy, 406 
Appendieitis, 406 
Appendicular skeleton, 97, 98 
Appendix, 406 
Aqueous humor, 218 

Araehnoid mater, 171, 177 
Araehnoid villus, 177 
Arehes of the foot, 114 
Areola, 455 

Areolar tissue, 60, 61, 63 
Arreetor pili muscle, 75 
Arrhythmias, 283 
Arteries, 293, 295, 300-303 

eoronary, 280-281 

hepatie, 398, 399 

prineipal, 302 
pulmonary, 275 

renal, 359 
structure, 294 

umbilical, 469, 470, 471 
Arterioles, 295 

Arteriovenous anastomosis, 300 
Arthritis, 126, 326 
Arthrology, 119 
Arthroseopy, 125 
Articular eartilage, 85, 120 
Articulations, bone, 98, 119 
Artifieial aetive immunity, 327 
Artifieial passive immunity, 327 
Aseending aorta, 301 
Aseending eolon, 406 
Aseending limb, nephron, 360 

Aseites, 289, 391 
Aspirin, 326 
Asthma, 342 
Astigmatism, 220 
Astroeytes, 161 
Atheroselerosis, 281, 308 
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Athlete’s foot, 438 
Atlas vertebrae, 108 
Atmospherie pressure, 347 
Atomie number, 19 
Atomie weight, 19 

Atoms, 4, 19 

ATP (adenosine triphosphate), 23, 33, 134, 137, 140, 419, 420 
Atria, 275 
Atrial flutter, 283 
Atrial kiek, 284 

Atrial natriuretic peptide (ANP), 247, 310, 364 
Atrial systole, 284 
Atrioventricular (AV) bundle, 282 
Atrioventricular (AV) node, 282, 286 
Atrioventricular (AV) valves, 276 
Atrophy, 141 

Attaehment, skeletal muscle, 132 
Auditory assoeiation area, 186 
Auditory eanal, 211 
Auditory ossieles, 104, 211 
Auditory tube, 211 
Auricle (pinna), 211 
Autoimmune diseases, 332 
Automaticity, 282 
Autonomic motor division, 160 
Autonomic nervous system (ANS), 191 
divisions, 193-195 
effeets on target organs, 196-199 
somatie vs., 192 
structure, 192 
viseeral reflexes, 191 
Autonomic tone, 193 
Autosomal dominant inheritanee, 487 
Autosomal reeessive inheritanee, 487 
Autosomes, 484 
AV. See imder Atrioventricular 
Axial skeleton, 97, 98 
Axillary artery, 302 
Axillary lymph nodes, 319 
Axillary nerve, 174 
Axillary vein, 304 
Axis vertebrae, 108 

Axons, 64, 135, 163 

autonomic nervous system and, 192 

braneh, 163 

spinal traets and, 172 


B 

Baeilli, 434 

Baeteria, 429, 430, 433-435 
identifying, 435 
obesity and, 438 
shapes of, 434 
Baeterial flora, 407 
Baeterial transplants, 434 
Baeteriophages, 436 
Balanee, 214 

Ball-and-soeket joint, 121 
Band eells, 262 

Baroreeeptors (pressoreeeptors), 287, 310 

Bartholins glands, 455 

Basal eell eareinoma, 79 

Basal ganglia, 183 

Basal metabolie rate (BMR), 412 


Basal nuclei, 183 
Base 

of heart, 273 

of htng, 342 

Basement membrane, 58 
Base pairing, 48 
Bases, 27, 380 
Basie solution, 28 
Basilar artery, 303 
Basilar membrane, 212 
Basilie vein, 304 
Basophils, 260 
B eells, 328, 330 
Bed, nail, 76 
Bells palsy, 145, 190 

Belly, of muscle, 141 

Benign prostatie hyperplasia (BPH), 448 

Benign tumor, 52 

Beta-(|3)-adrenergic reeeptors, 197, 198 
Beta bloekers, 197 
Beta eells, 243 
Biearbonate, 377, 384 

buffer system, 381 

Bieeps braehii, 148 
Bieeps femoris, 150 
Bicuspid valve, 276 

Bile, 258, 265, 400 
duct, 400 
salts, 400 

Bilimbin, 258, 400 
Bipolar neurons, 162 

Birth, 475-476 
Birth eontrol, 461 
Bitter, 209 
Bladder, urinary, 366 

Blastoeyst, 467, 468 
Blastomeres, 467 
Bleeding, eontrol of, 263-266 
Blind spot, 218 
Blood, 62 

eell development, 57 
eell formation, 254 

eells, red, 253, 254, 255-259 
eells, white, 253, 254, 260-262 

elotting, 263—266 
eomponents of, 253 
as eonneetive tissue, 60, 62, 63 
flow and pressure, 306-307 
flow through the heart, 278-279 
flow through the liver, 399 
gas transport and, 353 
glomemlar filtration and, 361-362 

glucose regulation, 243, 244-246 
pH, 380, 382 

platelets, 253, 254, 263-266 
pressure, 306, 307 

production and bones, 83 

Rh group, 268-269 

spleen and storage of, 321 
transfusions, 268 

types, 266-269 

viseosity, 253, 308 
volume and pressure, 307 
Blood-brain barrier (BBB), 161, 179 
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Blood elotting disorders, 266 
Blood pressure, 307 
B lymphoeytes (B eells), 328, 330 
BMR (basal metabolie rate), 412 
Body 

eavities, 10 

fat, 63 

fluids, 25 

major muscles of, 152-153 

nail, 76 

planes, 8 

regions, 9 

of sternum, 109 

temperature, regulation of, 424 

of uterus, 454 

ofvertebrae, 107 
Bolus of food, 392 
Bonds, ehemieal, 20—22 
peptide, 32 
Bone marrow, 85, 88 
red, 254 

Bone(s), 60, 62, 63. See also Joints; Skeletal system 
ankle, 115 

elassifieation of, 84-85 

development, 88-89 

foot, 98, 115 

fractures, 91-92 
functions, 83 
growth, 86, 89 
hand, 111 
long, 84, 85 
lower limb, 113—114 
marrow, 85, 88 
peetoral girdle, 110 
pelvie girdle, 112-113 
remodeling, 90 

short, 84 

skull, 84, 101-105 

surface markings, 98 
thoraeie eage, 109 
tissue, 86-87 
upper limb, 110-111 
vertebral column, 106-108 
vitamin D and, 74 
widening and thiekening of, 89 
Bony labyrinth, 212 
Bomlism, 136 
Bowman’s capsule, 360 
Boyle’s law, 347 

BPH (benign prostatie hyperplasia), 448 
Braehial artery, 302, 307 
Braehialis, 148 
Braehial plexus, 174 
Braehioeephalie artery, 301 
Braehioeephalie vein, 304 
Braehioradialis, 148 
Bradyeardia, 285 
Brain. See also Head 
aging and, 199 

autonomic nervous system and, 191-195 
blood-brain barrier and, 179 
breathing and, 180 
eerebral cortex, 184-187 
eerebral lateralization, 187 


eranial nerves, 188-190 
divisions of, 180-183 
gastrie seeretion and, 396 
general structures of the, 176-179 
language and, 185 
lesions of, 182 
memory and, 187 
meninges of, 177 
sleep and, 186 
speeial senses and, 186 
swelling, 178, 190 
swelling of, 102 
rnmors of, 161 
urination and, 368 
Brainstem, 176, 180, 210 
Braxton-Hicks eontraetions, 475 
Breastfeeding. See Laetation 

Breasts, 455 
eaneer, 320, 456 

Breathing. See Respiration; Respiratory system 

Breeeh birth, 476 

Broad-spectrum antibioties, effeet on mierobiome, 431, 434, 438 

Broeas aphasia, 186 

Broeas area, 186 

Bronehi, 340 

Bronehial tree, 340 

Bronehioles, 340 

Bronzing, 73 

Brnise (hematoma), 73 

Buccal eavity, 392. See also Mouth 

Buccinator, 145 

Bnffers, 28, 381-382 

Buffy eoat, 253 

Bulb, hair, 75 

Bulbourethral glands, 448 

Bundle of His, 282 

Burns, 78 

Bursae, 120, 124 


e 

e (eytosine), 48 

Calcaneal (Aehilles) tendon, 151 
Calcaneus, 114 
Calcitonin, 237, 239, 240 
Calcium, 288, 377, 380,418 
abnormalities, 240 
ATP eontraetion and, 134 
homeostasis, 239 

parathyroid hormone and, 238-240 
Calorie, 412 
ealorie, 412 

eAMP (eyelie adenosine monophosphate), 231 

Canaliculi, 87, 399 

Canal of Sehlemm, 218 

Cancellous bone, 87 

Cancer, 52 

breast, 320, 456 

lymph nodes and, 320 

prostate, 448 
skin, 79 

Candida albieans, 438 
Canine teeth, 393 
Capacitance vessels, 296 
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Capillaries, 293, 297-299 

peritubular, 359 

Capillary beds, 297 
Capillary exchange, 298-299 
Capsid, 436 
Capsomeres, 436 
Capsule 

baeterial, 433 

joint, 120 

Carbaminohemoglobin, 353 
Carbohydrates, 29, 404, 414 
metabolism, 419—420 
Carbon, 30 

Carbon dioxide, 26, 381, 383, 385 

gas exchange and, 352 

respiration and, 345, 346 
transport, 353 
Carbonic aeid, 27, 381, 383 
Carbonic anhydrase, 381, 383 
Cardiac eenter, 180, 286-287 
Cardiac conduction, 282-283 
Cardiac eyele, 284 
Cardiac muscle, 64, 131 
Cardiac nerves, 286 
Cardiac output (CO), 285-289 

blood pressure and, 307 

Cardiology, 273 

Cardiovascular system. See also Heart; Vascular system 
heat generation and, 12 
neonate, 478 
Carina, 340 
Carotene, 73 
Carotid arteries, 303 
Carotid body, 287 
Carpal bones, 111 
Carpal tunnel syndrome, 148 
Carpopedal spasm, 240 
Carrier, 45 
Cartilage, 60, 62, 63 

articular, 120 
eostal, 109 
disorders, 62 
exercise and, 126 
Cartilaginous joints, 119 
Catabolism, 23, 419 
Catalysts, 24 
Cataracts, 220 
Catecholamines, 241 
Categorical hemisphere, 187 
Cations, 21 
Cauda equina, 170 
Caudate lobe, 398 
Cavities 
body, 10 
joint, 120 

CCK (eholeeystokinin), 401, 413 
Cecum, 406 
Celiac trunk, 302 
Cell body (soma), 163 
Cell(s), 4 

aging, 50 

B,328,330 

ehief, 396 

eyele, 50-51 


eytoplasm and organelles, 40-42 
goblet, 58, 59 

growth and reproduction, 50-52 
layers in epithelial tissue, 58 

mast, 331 

movement through membranes of, 43—47 

nervous system, 161-164 

nucleus, 38, 40 

shape in epithelial tissue, 58 

stem, 57 

structure, 38-42 

T, 318, 327, 328, 329, 330 

variations, 37 

Cellular (eell-mediated) immunity, 327, 329 
Cellular respiration, 26 

Cellulose, 29, 404, 414 
Cell wall, 433, 435 
Cementum, 393 

Centers for ossifìeation, 88 
Central eanal, 171 

Central nervous system (CNS), 160. See also Nervous system; Spinal eord 
autonomic nervous system and, 191 
neuroglia of, 161 
pituitary seeretions and, 235 
Central obesity, 63 
Central vein, 399 
Centrioles, 41 
Cephalic phase, 397 
Cephalic vein, 304 
Cerebellum, 176, 180 
Cerebral cortex, 183, 345 
functions of, 184-187 
Cerebral lateralization, 187 
Cerebrospinal fluid (CSF), 178-179 
Cerebrum, 176, 182-183, 210 
Cerumen, 77 
Ceruminous glands, 77 
Cervical eanal, 454 
Cervical curve, 106 
Cervical lymph nodes, 319 
Cervical plexus, 174 
Cervical vertebrae, 106 
Cervix, 454 
dilation of, 475 
Chambers, eye, 218 
Chemical bonds, 20—22 
peptide, 32 

Chemical buffers, 381, 382 
Chemical digestion and absorption, 390, 404-405 
Chemical reaetions, 24 
Chemicals 
atoms in, 19 

basie proeesses of life and, 23-24 
basie structures of life and, 18-22 
bonds, 20-22 
eommon elements and, 17 
compounds of life and, 25-33 
elements in, 18 
reaetions, 24 

Chemoreceptors, 206, 287 
Chemotaxis, 323, 325 

Chemotherapy, 52 
Chewing muscles, 145 
Cheyne-Stokes respirations, 350 
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Chief eells, 396 
ehildbirth, 473-476 
Childhood, 478 
Chloride, 377, 380 
Chlorine, 21 

Cholecystokinin (CCK), 401, 413 
Cholesterol, 30, 39 

eholinergie fìbers, 196, 198 
eholinergie reeeptors, 197, 198 
Chondrocytes, 62, 89 
Chordae tendineae, 278 
Chorion, 469 
ehorionie villus, 470 
ehorionie villus sampling, 488 
Choroid, 217 
Choroid plexus, 178 
ehromaffin eells, 241 
Chromatids, 51 
Chromatin, 40 

Chromosomes, 40, 48, 483, 484, 485, 486 
abnormalities, 488-489 

Chronic leukemia, 262 
Chronic renal insuffìciency, 368 
Chronotropic agents, 288 
Chyme, 395, 396 
Chymotrypsin, 405, 407 
Cilia, 42 

bronehial, 341 
nasal, 338 
Ciliary body, 217 
Ciliary muscles, 221 
Circle of Willis, 303 
Circular folds, of small intestine, 403 
Circulation. See also Vascular system 
eollateral, 281 
eoronary, 280-281 

fetal, 471 

hepatie portal, 305 

liver, 398, 399 

peripheral resistanee and, 307, 308-310 
prineiples of, 306-311 
pulmonary, 300 

renal, 359 
routes, 300-305 
systemie, 300, 301-305 
umbilical, 469, 470, 471 

venous return, 311 
Circulatory system, 6 
pregnaney and, 474 
Circumduction, 123 
Circumflex artery, 280 
Citric aeid eyele, 420, 421 

eiassifieation 

bones, 84-85 

joints, 119-126 
Clavicle, 110 

Cleavage, 467 
eiitoris, 455 

Closed reduction, 91 

Gos tridinm dijfieile, 434 
Clotting, blood, 263-266 
Clubbing, nail, 76 

CNS. See Central nervous system (CNS) 
Coagulation, 264 


CO (eardiae output), 285-289 
Cocci, 434 

Coccyx, 106 
Cochlea, 212 
Cochlear duct, 212 
Cochlear nerve, 212 
Codominant alleles, 485 
Codon, 49 
Cold reeeptors, 208 
Collagen, 31, 61 
Collagenous fìbers, 61 
Collateral circulation, 281 
Collecting duct 

lymphatie system, 318 
renal, 360 
Colloid, 26 

Colloid osmotie pressure, 299 
Colon, 406 

Color 

blindness, 222, 486 

hair, 75 

skin, 73 

Colostrum, 477 
Columnar eells, 58, 59 
Comminuted fracture, 91 
Common bile duct, 400 
Common hepatie duct, 400 
Common iliae arteries, 301, 302 
Common iliae vein, 304 
Compact bone, 87 
Complement, 324 
Complement system, 324 
Complete blood count (CBC), 262 
Complete proteins, 416 
Complete tetanus, 138 
Complex eapsid, 436 
Complex earbohydrates, 414 
Compound fracture, 91 
Compounds, 17 
defined, 25 
inorganie, 25-28 

of life, 25-33 
organie, 29-33 
Compressional strength, 86 
Concentration 

gradient, 43 
reaetion rates and, 24 
Conchae, 338 
Condoms, 461 
Conducting arteries, 295 
Conduction 

heat, 423 

impulse, 166-168 
Conductive hearing loss, 213 
Condyles, 125 
Condyloid joint, 121 

Cones, 217, 222 

Congestive heart failure (CHF), 289, 350, 364 
Conjunctiva, 215 
Connective tissue, 4, 60-63 
membranes, 66 
osseus, 62 
role of, 62 
types of, 61-62, 63 
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Contact digestion, 404 
Contraception, 461 
Contractility, 288 
Contraction, muscle, 135-140 
Control eenter and homeostatie regulation, 12-13 
Convection, 423 
Convergence, 219 
Coracoid proeess, 110 
Core temperature, 423 
Cornea, 217 
Coronal plane, 8 
Coronal suture, 102 
Coronary arteries, 280-281 
disease, 281 

Coronary circulation, 280-281 
Coronary sinus, 281 
Corpus albieans, 457 
Corpus callosum, 176, 183 
Corpus eavernosa, 449 
Corpus luteum, 457 
Corpus spongiosum, 449 
Cortex, brain, 176 
Cortical nodules, 319 
Corticospinal traets, 172 
Corticosteroids, 241 
Corticotropin-releasing hormone, 233 
Cortisol, 241, 242 
Costal angle, 109 
Costal eartilage, 109 
Costal margins, 109 
Coumadin, 266 
Covalent bonds, 22 
Cowper’s glands, 448 
Coxal bone, 112 
CP (ereatine phosphate), 140 
Cramps, heat, 424 
Cranial bones, 101 
Cranial eavity, 10 
Cranial nerves, 188-190 
disorders of, 190 
mnemonie, 190 
Craniosacral division, 195 
Cranium, 100, 101 
Creatine phosphate (CP), 140 
Creatinine, 365 
Cremaster muscle, 446 
Cretinism, 238 
Cribriform plate, 101 
Cristae, 42 
Cross bridge, 134 
Crown, tooth, 393 
Crowning, 476 
Cryptorchidism, 446 
CSF (eerebrospinal fluid), 178-179 
Cuboid, 114 
Cuboidal eells, 58, 59 
Cuneiforms, 114 
Curare, 136 

Curvatures of the spine, 106 
Cushing syndrome, 242 
Cusps, 276 

Cutaneous membranes, 66, 71 
Gitiele, 76 
Cyanosis, 73, 76 


Cyclic adenosine monophosphate (eAMP), 231 

Cystic duct, 400 

Cystic fìbrosis, 487 

Cytoplasm, 38, 40-42 

Cytoplasmic membrane, 433 

Cytosine (C), 48 

Cytoskeleton, 42 

Cytotoxic T eells, 329 

D 

Dartos faseia, 446 
Deafness, 213 
Deamination, 422 
Deciduous teeth, 393 
Deeomposition, 24 
Decussation, 172 
Deep faseia, 132 
Deep inspiration, 344 
Deep region, 7 
Deep veins, 304 
Defeetion, 407 
Defieieney, fluid, 376 
Dehydration, 375, 376 
Delta eells, 243 
Deltoid, 147 
Dementia, 199 
Dendrites, 64, 163 
Dens, 108 

Dense eonneetive tissue, 61, 63 
Dense fibrous tissue, 60 
Dentin, 393 

Deoxyribonucleic aeid. See DNA (deoxyribonucleic aeid) 

Deoxyribose, 48 

Depolarization, 166 

Depo-Provera, 461 

Depressions, bone, 98 

Dermatitis, 79, 326 

Dermatomes, 175 

Dermis, 71 

Deseending aorta, 301 
Deseending eolon, 406 
Deseending limb, nephron, 360 
Deseending thoraeie aorta, 301 
Detrusor muscle, 366 
Deuterium, 20 
Development 

male fetal, 449 

spinal eord, 170 

Diabetes mellitus, 245-246, 332 

heart disease and, 289 

Diabetie ketoaeidosis, 245 
Dialysis, 368 
Diapedesis, 323 
Diaphragm, 146, 344 
Diaphysis, 85 
Diarthroses, 120 
Diastole, 284 

Diastolie pressure, 306, 307 
Dieneephalon, 176, 181 
Dietary fiber, 414 
Differentiation, 57 

Diffusion, 43, 47 

in eapillary exchange, 298 

faeilitated, 45, 47 
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Digestion, 390, 393 
eontaet, 404 

Digestive system, 6 

ehemieal digestion and absorption, 390, 404-405 
enzymes, 395, 404-405, 407 

esophagus, 394 
gallbladder, 400 
heat generation and, 12 

large intestine, 406-407 
liver, 398-399 
mouth, 392-393 
overview, 389-391 
panereas, 401 
pharynx, 394 
pregnaney and, 474 
small intestine, 402-403 
stomaeh, 395-397 
Digestive traet, 389, 390 
Dilation, eervieal, 475 
Diploeoeei, 434 
Diplopia, 219 
Direet attaehment, 132 
Direetional terms, 7 
Disaeeharides, 29, 404, 414 
Disjunction, 488 
Dissoeiation, 21 
Distal convoluted tubule, 360 
Distal region, 7 
Distributing arteries, 295 
Diuresis, 364 
Diuretics, 364 
Dizygotie twins, 470 

DNA (deoxyribonucleic aeid), 29, 33, 40, 48, 483 
baeterial, 433 

eell eyele and, 50-51 
in eell growth and reproduction, 50 
ehromosomes, 40 
protein synthesis and, 49 
structure, 48 
viral, 436, 437 
Dominant allele, 485 
Dopamine, 169 
Dorsal eavity, 10 
Dorsal column, 172 
Dorsalis pedis artery, 302 
Dorsal (posterior) nerve root, 171 
Dorsal region, 7 
Dorsiflexion, 122 
Double helix, 48 
Down syndrome, 488 
Dual innervation, 199 
Ductus arteriosus, 471 
Ductus venosus, 471 
Duodenum, 396, 402 
Dural sinuses, 177 
Dura mater, 171, 177 
Dwarfìsm, pimitary, 233 
Dynamie equilibrium, 12 
Dyspnea, 350 

E 

Eardrum, 211 
Ear(s) 

bones, 100 


inner, 212 
middle, 211 
outer, 211 

wax, 77 

Ebola virus, 436 
Eeerine glands, 77 

ECF (extracellular fhiid), 373, 374, 379 

ECG (eleetroeardiogram), 283 

Eetoderm, 57, 468 

Eetopie focus, 283 

Eetopie paeemakers, 282 

Eezema, 79 

Edema, 299, 377 

Effaeement, eervieal, 475 

Efferent arteriole, 359 

Efferent division, 160 

Efferent ductules, 447 

Efferent lymphatie vessel, 319 

Eggs, human, 453, 465-466 
Ejaculation, 452 
Ejaculatory duct, 447 
Ejeetion fraetion, 288 
Elastie arteries, 295 
Elastie eartilage, 62, 63 
Elastie fibers, 61 
Elbow, 124 
Elbow fracture, 91 
Eleetrie fìelds, 205 
Eleetroeardiogram (ECG), 283 
Eleetrolytes, 21, 377 
balanee, 83, 377-380 
Eleetrons, 19 
valenee, 20 

Eleetron-transport ehain, 420, 421 

Elements, 17, 18 

Embolus, 266 

Embryo, 469 

Embryonie dise, 468 

Embryonie stage, 467, 469-470 

Emergeney eontraeeptive pills (ECPs), 461 

Emission, ejaculation, 452 

Emmetropia, 220 

Emotions 

breathing rate and, 346 
heart rate and, 287 

Emphysema, 344, 348 
Emulsifìcation, 405 
Enamel, 393 
Endocardium, 274 
Endoehondral ossifieation, 89 
Endoerine system, 6, 159 
adrenal glands, 241-242 
glands, 58, 77 
gonads, 247 

heat generation and, 12 
hormones, 229, 231 
hypothalamus, 232-235 
nervous system and, 230 
overview, 230 

panereas, 243-246 
parathyroid glands, 238-240 
pineal gland, 236 
pituitary gland, 232-235 
thymus, 236 
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thyroid gland, 237-238 
Endoerinology, 229 
Endoeytosis, 46 
Endoderm, 57, 468 
Endolymph, 212, 214 
Endometrium, 454 
Endomysium, 132 
Endoplasmie reticulum (ER), 40, 41 
Endosteum, 85 
Endothelium, 294 
Endurance (aerobie) exercise, 153 
Energy, 23 

for eontraetions, 140 
units of, 412 

Enterie nervous system (ENS), 390, 391 
Enteroendoerine eells, 396 
Envelope, viral, 436 

Enzymes, 31, 395, 404-405, 407 

Eosinophils, 260 
Ependymal eells, 161 
Epicardium, 274 
Epidermis, 71 

layers of, 72 

Epididymis, 447 
Epkhiral spaee, 171 

Epigastrie region, 11 

Epiglottis, 339 
Epimysium, 132 

Epinephrine, 169, 194, 242, 288, 310 

Epiphyseal fracture, 89 

Epiphyseal line, 89 

Epiphyseal plate, 85, 89 

Epiphysis, 85 

Episiotomy, 476 

Epithelial membranes, 66 

Epithelial tissue, 4, 58-59 

EPO (erythropoietin), 259 

Equilibrium 

diffusion and, 43 

dynamie, 12 

statie, 214 

ER (endoplasmie reticulum), 40, 41 
Erythema, 73 

Erythroblastosis fetalis, 269 

Erythroeytes (red blood eells), 253, 254, 255-259 

Erythropoiesis, 257 

Erythropoietin (EPO), 259 

Esophagus, 394 

Essential amino aeids, 31, 416 

Essential fatty aeids, 415 

Essential nutrients, 414 

Estrogen, 241, 242, 247, 457, 458, 470, 477 

body fat and, 63 
bone growth and, 89 
Ethmoid bone, 101 
Ethmoid sinus, 104 
Eumelanin, 73, 75 
Eupnea, 350 
Eustachian tube, 211 
Evaporation, 423 
Eversion, 123 
Exchange, 24 
Exchange vessels, 297 
Excretion, 357 


Exercise 

atrophy and, 141 

bone growth and maintenanee and, 90 
eartilage and, 126 
laetie aeid aeemrmlation and, 140 
muscles and, 141, 153 
vital eapaeity and, 350 
Exocrine glands, 58 
Exocytosis, 46, 47 
Exophthalmos, 238 
Expiration, 344, 347 
Expiratory eenter, 345 
Expiratory reserve volume, 349 
Expulsion, ejaculation, 452 
Extension, 122 

Extensor digitomm longus, 151 
Extensors, 148 

External abdominal oblique, 142, 143 
External acoustic meatus, 211 
External auditory meatus, 101 
External earotid artery, 303 
External iliae artery, 302 
External iliae vein, 304 
External intereostals, 146, 344 
External jugular vein, 305 
External oblique, 146 
External rotation, 123 
External sphineter, 406 
External urinary meatus, 366 
External urinary sphineter, 366 
Extracellular fluid (ECF), 373, 374, 379 

Extracellular matrix, 61 
Extraembryonic membranes, 469 
Extrapyramidal traets, 172 
Extrinsic eye muscles, 216 
Extrinsic pathway, 264 
Eyebrow, 215 
Eyelashes, 215 
Eyelids (palpebrae), 215 
Eye(s) 

aeeessory structures, 215 
anatomy, 217-218 

eolor, 486 

extrinsic eye muscles, 216 
vision and, 219-223 
Eyestrain, 221 

F 

Faee bones, 100, 103 
Faeial expression muscles, 145 
Faeial nerve, 188, 195, 209 
Faeilitated diffiision, 45, 47 
Faleiform ligament, 398 
Fallopian tubes, 454 
False (greater) pelvis, 113 
False ribs, 109 
Falx eerebri, 177 
Farsightedness, 220 
Faseia, 61, 132 
Faseieles, 132, 173 
Fast pain fibers, 207 
Fast-twitch (type II) fibers, 137 
Fat. See Adipose tissue 
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Fats, dietary, 405, 415 

lymphatie system and absorption of, 316 
Fat-soluble vitamins, 417 
Fatty aeids, 30 
essential, 415 
Febrile, 326 
Feees, 406, 407, 434 

Feedbaek 

negative, 13, 235 
positive, 13 
Female pelvis, 113 

Female reproductive system, 6, 453-460. See also Childbirth; Pregnaney 
breasts, 455, 456 
eyele, 456-459 

external genitalia, 455 
female sexual response and, 460 
internal genitalia, 454 
laetation and, 477 
ovaries, 453 
overview, 453 
Female urethra, 367 
Femoral artery, 302 
Femoral nerve, 174 
Femoral vein, 304 
Femur, 84, 113, 126 
Fermentation, anaerobie, 419 
Fertilization, 465—466 
Fetal stage, 467, 471-473 
Fever, 326 
Fibrin, 264 
Fibrinolysis, 265 
Fibroblasts, 65 
Fibroeartilage, 62, 63 
Fibrinogen, 325 
Fibrosis, 65 

Fibrous eonneetive tissue, 61 
Fibrous joints, 119 
Fibrous pericardium, 274 
Fibula, 113 

Fibular eollateral ligament, 125 
Fibularis longus, 142 
Fight or flight response, 193 
Filiform papillae, 209 
Filtration, 44, 47, 299 

glomemlar, 361-362 

Fimbriae, 454 
First-degree burns, 78 
First gap phase, 50 
First heart sound (S^), 284 
First trimester, 466 
Fissures, 176 
Flagella, 42, 433 
Flat bones, 84 
Flatus, 407 

Flexion, 122 
Flexors, 148 
Floating ribs, 109 
Fluid(s). See also Water 
accumulation, 377 

amniotie, 470 

body, 25 

eompartments, 373-374 
defieieney, 376 

excess, 377 


eye, 218 
intravenous, 44 
lymphatie system and, 316 
neonate, 478 
Foliate papillae, 209 

Follicle-stimulating hormone (FSH), 233, 449, 453, 456, 457 

Follicular eells, 453 

Follicular phase, 457 

Fontanels, 88, 105 

Foot 

bones, 98, 114 
muscles aeting on, 151 
Foramen magnum, 102 
Foramen ovale, 471 
Foramina, 102 
Foreed expiration, 344 
Forearm muscles, 148 
Foremilk, 477 
Foreskin, 449 
Formed elements, 253 
Forniees, 454 
Fourth ventriele, 178 
Fovea eentralis, 217 
Fractures, 91-92 
epiphyseal, 89 
repair, 92 

Fraternal twins, 470 
Frontal bone, 84, 101 
Frontalis, 145 
Frontal lobe, 182 
lesion, 182 
Frontal plane, 8 
Frontal sinus, 104 
Fmetose, 29 

FSH (follicle-stimulating hormone), 233, 449, 453, 456, 457 
Fundus, 454 
Fungi, 430, 438 
Fungiform papillae, 209 

G 

G (guanine), 48 
Galaetose, 29 
Gallbladder, 400 
Gallstones, 400 
Gametes, 445, 484 
Ganglion, 171 
Gap phase, 50 
Gas 

exchange, 351-353 
intestinal, 407 
transport, 353 

Gastrie artery, 302 

Gastrie glands, 396 

Gastrie juice, 396 

Gastrie phase, 397 

Gastrie pits, 396 

Gastrin, 401 

Gastrocnemius, 151 

Gastroenterology, 389 

Gastrointestinal traet, mierobiome and, 430 

General senses, 207-208 

Genes, 483, 485-486. See also Heredity 

Genetie disorders, 487-490 

Geneties, 483 
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Genomes, 485 

Human Genome Projeet, 430, 490 
Genotype, 486 
Germ eells, 447 

Germinal eenters, 319 

Germ layers, 468 

Gestation, 466 

Gestational diabetes, 246 

GH (growth hormone), 89, 233, 242 

Ghrelin, 413 

Gigantism, 233 

Gingiva, 393 

Gland eells, 37 

Glands, 77 

Glandular epithelium, 58 

Glans penis, 449 

Glaucoma, 218 

Glenohumeral joint, 124 

Glenoid eavity, 110 

Glial eells, 64, 161 

Gliding joint, 121 

Gliomas, 161 

Globins, 255, 258 

Glomemlar filtration, 361-362 

Glomemlar filtration rate (GFR), 361-362, 365 

Glomerulus, 359, 360 

Glossopharyngeal nerve, 189, 195, 209 

Glottis, 339 

Glucagon, 243, 244, 246 
Glucocorticoids, 241 
Ghieoneogenesis, 241, 420 
Glucose, 29, 363 

regulation of blood, 243, 244-246 

Gluteus maximus, 150 
Gluteus medius, 150 
Gluteus minimus, 150 
Glyeerol, 405 
Glyeogen, 29 
Glyeogenesis, 420 
Glyeogenolysis, 241, 420 
Glyeolysis, 419, 421 
Glyeoproteins, 39 
Glycosuria, 245 

GnRH (gonadotropin-releasing hormone), 233, 449, 451, 456, 457 

Goblet eells, 58, 59 

Goiter, simple, 238 

Golgi apparams, 41 

Gonadotropin, 233 

Gonadotropin-releasing hormone (GnRH), 233, 449, 451, 456, 457 
Gonads, 247, 445 
Graafìan folliele, 453, 457 

Gram negative/gram positive, 436 
Gram staining, 436 
Granulation tissue, 65 
Granulocytes, 260 
Graves’ disease, 238, 332 
Gray matter, 171, 176 
Greater curvature, 395 
Greater omentum, 391 
Greater seiatie noteh, 112 
Greater troehanter, 126 
Greater vestibular glands, 455 
Great saphenous vein, 304 
Great vessels, 275 


Greenstiek fracture, 91 

Growth hormone (GH), 89, 233, 242 

Growth hormone-releasing hormone, 233 

Growth plate, 85 

Guanine (G), 48 

Gustation, 209 

Gustatory eells, 209 

Gyri (gyms), 176 

G-zero phase, 50 

H 

Hair, 75 
Hair folliele, 75 

Hallux, 114 
Hamstrings, 150 
Hand, 111 
muscles, 148 
Hard palate, 392 
Haustra, 406 

Haustral eontraetions, 407 
Haversian eanal, 87 

HCG (human ehorionie gonadotropin), 468, 470 
Head 

arteries of, 303 
of femur, 113 
ofhumerus, 110 
muscles of, 145 
sperm, 451 

veins of, 305 
Hearing, 211-213 
loss of, 213 
Heart 

blood flow through, 278-279 
eardiae eyele, 284 
eardiae output, 285-289 
ehambers and great vessels, 275 

conduction, 282-283 

eoronary circulation, 280-281 
failure, 289 
overview, 273 

rate, 285-287 

skeleton, 276 
sounds, 277 
stroke volume, 288 
structures of, 274-276 
valves, 276 

wall, 274 
Heartburn, 394 
Heart murmur, 277 
Heart rate (HR), 285-287 
Heat 

eramps, 424 
exhaustion, 424 

generation, 12 
from inflammation, 325 
production and loss, 423 
related disorders, 424 
stroke, 424 

Heimlieh maneuver, 351 
Helieal eapsid, 436 
Helper T eells, 329, 330 
Hematoerit, 253, 256 
Hematology, 256 
Hematoma, 73 
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Hematopoiesis, 321 
Heme, 255, 258 

Hemispheres, brain, 187 
Hemodialysis, 368 

= Hemoglobin, 31, 255, 256, 353 

£ Hemolysis, 258, 267 

Hemolytie anemia, 259 
Hemophilia, 266 
Hemopoiesis, 254 
Hemopoietie tissue, 254 
Hemorrhoids, 407 
Hemostasis, 263-265 
Heparin, 265 

Hepatie artery, 302, 398, 399 
Hepatie ducts, 399, 400 
Hepatie lobules, 399 
Hepatie portal circulation, 305 
Hepatie veins, 304 
Hepatitis, 398 
Hepatoeytes, 399 
Hepatopanereatie ampulla, 400 
Hepatopanereatie sphineter, 400 
Heredity, 483 

bone growth and maintenanee and, 90 

ehromosomes and, 483, 484, 485, 486 
genes and, 483, 485-486 
genetie disorders, 487-490 
sex-linked inheritanee, 486 
Hering-Breuer reflex, 346 
Herniated dise, 107 
Herpes virus, 436 
Heterozygous, 485 
Hilum, 342, 358 
Hinge joint, 121 
Hip 

joint, 126 
muscles, 149-150 
Hippocampus, 183, 210 
Histamine, 169, 325, 331 

HIV (human imrmmodefìeieney virus), 332 
Homeostasis, 12-13, 229 

calcium, 239 

Homeostatie regulation, 13 
Homologous ehromosome, 484, 485 
Homozygous, 485 
Homunculus, 184 
Horizontal fissure, 342 
Horizontal plane, 8 

Hormones, 31, 229, 231 

adrenal cortex, 241 
adrenal gland, 242 
affeeting urinary system, 364 
anterior pituitary, 233, 234 
blood pressure and, 310 
bone growth and maintenanee and, 90 
posterior pituitary, 234 
thyroid and parathyroid glands, 240 
Human ehorionie gonadotropin (HCG), 468, 470 
Human genome, 435 
Human Genome Projeet, 429, 430, 490 
Human immunodeficiency virus (HIV), 332 
Human mierobiome, 429 
baeteria, 429, 430, 433-435 
building, 431-432 


flrngi, 430, 438 
vimses, 430, 436-437 
Human Mierobiome Projeet, 429, 430, 435 
Humeroradial joint, 124 
Humeroscapular joint, 120, 124 
Humeroulnar joint, 124 
Humerus, 110 

Humoral (antibody-mediated) immunity, 327, 330-331 

Hunger, 413 
Hyaline eartilage, 62, 63 
Hydrocephalus, 105, 178 
Hydroehlorie aeid, 27 
Hydrogen, 18, 377 
aeids and, 27 
bonds, 22 

pH and, 27, 28 

Hydrogen ions, 27, 346, 363, 381 
Hydronephrosis, 367 
Hydrostatie pressure, 43, 44 
Hymen, 454 
Hyoid bone, 100, 104 
Hyperealeemia, 240, 380 
Hyperemia, 325 
Hyperextension, 122 
Hyperglyeemia, 245 
Hyperkalemia, 379, 384 
Hypernatremia, 379 
Hyperopia (farsightedness), 220 
Hypersensitivity, 331-332 
Hypertension, 307, 364 

kidney damage and, 361 
Hypertonie solution, 44 
Hypertrophy, 141 
Hyperventilation, 350 
Hypervitaminosis, 417 
Hypoealeemia, 240, 380 
Hypodermis, 71 
Hypogastrie region, 11 
Hypoglossal nerve, 189 
Hypokalemia, 379, 384 
Hyponatremia, 379 
Hypophyseal portal system, 232 

Hypothalamus, 181, 207, 232-235, 413, 424 

Hypothermia, 424 

Hypotonie solution, 44 

Hypoventilation, 350 

Hypovolemia, 376 

Hypovolemie shoek, 376 

I 

Ibuprofen, 247, 326 

ICF (intracellular fluid), 373, 374 

ICSH (interstitial cell-stimulating hormone), 449 

identieal twins, 470 

Ig (immunoglobulins), 328 

ileoeeeal valve, 406 

Ileum, 402 

iliae arteries, 301, 302 
iliae erest, 112 
iliae region, 11 

Iliopsoas, 149 

Ilium, 112, 126 

imbalanees, aeid-base, 384-385 

Immune eells, 37 



Immime system 

antibodies and, 327, 328 
antimierobial proteins and, 324 
cellular, 327, 329 
disorders, 331-332 
fever and, 326 

humoral, 327, 330-331 

hypersensitivity and, 331-332 
inflammation and, 325 
lymphoeytes and, 327-328 
mierobiome and, 431 
natural killer eells and, 324 
neonatal, 478 
nonspeeifìe, 322-326 
overview, 322 
phagoeytosis, 323 

speeifìe, 322, 327-331 

Immunity 

lymphatie system and, 316 
spleen and, 321 

Immunodefìciency diseases, 332 
Immunoglobulins (Ig), 328 
Impetigo, 79 
Implantation, 467-468 

Impulse conduction, 166-168 
ineisors, 393 
ineompetent valve, 277 
ineomplete proteins, 416 
ineomplete tetanus, 138 
Incus (anvil), 104, 211 
Indigestion, 397 
indireet attaehment, 132 

infaney, 478 
Infants. See Neonates 
infeetions 

hearing loss and, 213 
meningitis, 177 
middle ear, 211 
urinary traet, 367 
Inferior mesenterie artery, 302 
Inferior nasal eonehae, 103 
Inferior oblique muscle, 216 
Inferior region, 7 

Inferior vena eava (IVC), 275, 304 
Infertility, male, 451 

Inflammation 

immunity and, 325 
meningitis and, 177 
Influenza virus, 436 
Infraspinatus, 147 
Infundibulum, 232, 454 
Inguinal lymph nodes, 319 

Inhibin, 447 

Inhibiting hormones, 232 
Inhibitory eenter, 286 

injeetions, subcutaneous and intradermal, 70 
Injuries 
brain, 182 
knee, 125 
nerve fiber, 165 
rotator cuff, 147 
spinal eord, 173 
Inner ear, 212 

Innervation. See Nerve(s); Nervous system 


Innominate bone, 112 
inorganie molecules, 25-28 
inotropie agents, 288 
Insensible perspiration, 77 
Insertion, muscle, 141 

Inspiration, 344, 347 
Inspiratory eenter, 345 
Inspiratory reserve volume, 349 
Insula, 182 

Insulin, 242, 243, 244-246, 413 

Integumentary system, 5 
aging and, 76 

appendages of the skin, 75-77 
burns and, 78 
disorders of the, 79 
fìmetions of the skin, 74 
glands, 77 

hair, 75 

heat generation and, 12 
nails, 76 

pregnaney and, 474 

skin eolor, 73 

structure of the skin, 71-72 
Interatrial septum, 275 
interealated disks, 64, 131 

intereostal muscles 

external, 146, 344 
internal, 146, 344 
intereostal nerve, 345 
Interferons, 324 
Interleukin, 329 
Internal earotid artery, 303 
Internal elastie lamina, 295 
Internal iliae artery, 302 
Internal iliae vein, 304 
Internal intereostals, 146, 344 
Internal jugular vein, 304, 305 
Internal oblique, 146 
Internal rotation, 123 
Internal sphineter, 406 
Internal urethral sphineter, 366 
Interneurons, 162 
Interphase, 50 
Interstitial eells, 447 

Interstitial cell-stimulating hormone (ICSH), 449 
Interstitial fluid, 373 

Interventricular septum, 275 

Intervertebral dises, 107, 119 
Intestinal erypts, 403 
Intestinal phase, 397 
Intoxication, water, 377 
Intracellular fluid (ICF), 373, 374 
Intradermal injeetions, 72 
Intramembranous ossifìeation, 88 
Intraperitoneal, 391 
Intrapleural pressure, 347 
Intrapulmonic pressure, 347 
Intrauterine deviee (IUD), 461 
Intravenous fluids, 44 
intrinsie eye muscles, 216, 221 
intrinsie faetor, 259 
intrinsie pathway, 264 
Inversion, 123 

In vitro fertilization (IVF), 466 
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Involuntary muscle, 131 
Ionie bonds, 21 
Ionization, 21 
Ions, 21 
Iris, 217 

Iron, in blood, 256 
Irregular bones, 84 
Irritants, respiration and, 346 
isehemia, 281 
isehial spine, 112 
isehial tuberosity, 112 
Ischium, 112 

Islets of Langerhans, 243 
isometrie eontraetion, 139 
Isotonie eontraetion, 139 
Isotonie solution, 44 
Isotopes, 20 

Isovolumetric eontraetion, 284 
Isovolumetric ventricular relaxation, 284 
Isthmus, fallopian tube, 454 

IUDs, 461 

J 

Jaundice, 73, 258 
Jejunum, 402 
Joints. See also Bone(s) 
ball-and-soeket, 121 
capsules, 120 
cartilaginous, 119 
eavities, 120 
eondyloid, 121 

elbow, 124 

fibrous, 119 
gliding, 121 
hinge, 121 
hip, 126 

key synovial, 124 
knee, 125 

movement, 122—123 

pivot, 121 
replaeement, 125 
saddle, 121 
shoulder, 124 
synovial, 120-124 
Jugular veins, 304 
Juxtaglomerular eells, 362 

K 

Kaposi sareoma, 332 
Karyotype, 484 
Keratin, 31, 72 
Keratinoeytes, 72, 73 
Ketoaeidosis, 245, 421 
Ketone bodies, 245 
Kidneys, 357, 358-360 

dialysis, 368 
hypertension and, 361 
neonatal, 478 
stones, 367 
Kinetie energy, 23 
Klinefelter syndrome, 489 
Knee, 125 

injmies to, 125 
Kupffer eells, 399 


Kussmaul respiration, 350 
Kyphosis, 106 

L 

Labimn majus, 455 
Labimn minus, 455 
Labor, stages of, 475-476 
Labor eontraetions, 475 
Laerimal apparatus, 215 
Laerimal bones, 103 
Laerimal gland, 215 
Laerimal punctum, 215 

Laetase, 404, 407 
Laetation, 432, 477 
Laeteal, 403 
Laetie aeid, 140 
Lactiferous duct, 455 
Lactiferous sinuses, 455 
Laetobaeillm johm onii, 432 
Laetobaeillm sakei, 432 
Laetose, 29 
Lacunae, 87, 469 

Lambdoidal suture, 102 
Lamellae, 87 
Lamineetomy, 107 
Language, 185 
Lanugo, 473 
Large intestine, 406-407 
Large veins, 296 
Laryngopharynx, 338 
Larynx, 339 
Lateral canthus, 215 
Lateral epieondyle, 113 
Lateralization, eerebral, 187 
Lateral malleolus, 113 
Lateral meniscus, 125 
Lateral rectus, 216 
Lateral region, 7 
Lateral ventriele, 178 
Latissimus dorsi, 147 
Layers 

epidermis, 72 
epithelial tissue, 58 

germ, 468 

meningeal, 177 
parietal, 274, 390 
Leaflets, 276 
Left bundle braneh, 282 
Left eolie (splenie) flexure, 406 
Left eommon earotid artery, 301, 303 
Left eoronary artery, 280 
Left hemisphere, 187 
Left hepatie duct, 399, 400 

Left hypoehondriae region, 11 
Left iliae region, 11 
Left lobe, liver, 398 
Left lumbar region, 11 
Left subclavian artery, 301 
Left ventriele, 280 
Left ventricular failme, 289 
Leg muscles, 149-151 

Length-tension relationship, 136 

Lens, 218, 221 
Leptin, 413 

Lesions, brain, 182 
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Lesser curvature, 395 
Lesser elements, 18 
Lesser omentum, 391 
Lesser seiatie noteh, 112 
Lesser troehanter, 126 
Lesser vestibular glands, 455 
Leukemia, 262 

Leukocytes (white blood eells), 253, 254, 260-262 
Leukocytosis, 262 
Leukopenia, 262 
Leydig eells, 447 

LH (luteinizing hormone), 233, 449, 451, 456, 457 
Ligaments, 61, 120 
elbow, 124 
hip, 126 
knee, 125 
shoulder, 124 
transverse, 108 

Limbie system, 183, 207 
Limbs 

lower, 100, 113-114, 149-151 
upper, 100, 110-111, 147-148 
Linea alba, 146 
Lingual frenulum, 392 
Lingual papillae, 392 
Lingual tonsils, 320 
Linolenie aeid, 30 
Lipase, 392, 405, 407 
Lipids, 30, 415 

metabolism, 421 
Lips, 392 
Lithotripsy, 367 
Liver, 398-399 

blood elotting and, 265 
hepatie portal circulation, 305 

lobules, 399 
Locus, 485 
Long bones, 84, 85 
Longimdinal fissure, 176 
Long-term memory, 187 
Loop of Henle, 360 
Loose eonneetive tissue, 61, 63 
Lordosis, 106 

Lower esophageal sphineter (LES), 394 
Lower limbs, 100, 113-114 
muscles, 149-151 

Lower respiratory traet, 337, 340-343 
Lumbar curve, 106 
Lumbar plexus, 174 
Lumbar region, 9, 11 
Lumbar vertebrae, 106 
Lund-Browder ehart, 78 

Lungs, 342-343 

eapaeity, 350 
diseases, 342 
pneumothorax and, 348 
pregnaney and, 474 
tissue, 57 
Lunula, 76 
Luteal phase, 457 

Luteinizing hormone (LH), 233, 449, 451, 456, 457 
Lymph, 316 

nodes, 317, 319-320 
Lymphatie nodules, 318 
Lymphatie system, 5 


eolleeting ducts, 318 
eomponents, 315 
edema and, 299 
hmetions, 316 
lymph, 316 

lymphatie vessels, 316—318 
lymph nodes, 317, 319-320 
spleen, 321 
thymus, 318 

tissues and organs, 254, 318-321 
tonsils, 320 

Lymphatie vessels, 316-318 
Lymphedema, 320 
Lymphoeytes, 261, 328 
B, 328 
T, 328 

Lymphoeytie leukemia, 262 
Lysosomes, 41 
Lysozyme, 322 

M 

Macronutrients, 414 
Maerophages, 258, 323, 325 
Macula lutea, 217 
Magnesium, 418 
Major calyx, 358 
Major duodenal papilla, 400 
Major elements, 18 
Male infertility, 451 
Male pattern baldness, 75 
Male pelvis, 113 

Male reproductive system, 6, 446-452 
aeeessory glands, 448 
male sexual response and, 452 

penis, 449 
semen, 451 
sperm, 450 
spermatogenesis, 450 
spermatozoa, 451 

testes, 446-447 

Male urethra, 367 
Malignant melanoma, 79 
Malignant tumor, 52 
Malleus (hammer), 104, 211 
Maltase, 404, 407 
Maltose, 29 
Mandible, 103 
Manubrium, 109 
Marrow, bone, 85, 88 
Masseter, 142, 145 

Masseter muscle, 392 

Mass movements, 407 

Mast eells, 331 

Mastieation, 393 

Mastoid proeess, 101 

Matter, 17 

Maxillae, 103 

Maxillary sinus, 104 

Measurements of ventilation, 349-350 

Meehanieal digestion, 390 

Meehanoreeeptors, 206, 208 

Medial canthus, 215 

Medial epieondyle, 113 

Medial malleolus, 113 

Medial meniscus, 125 
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Medial region, 7 
Median cubital vein, 304 
Median nerve, 174 
Median septum, 446 
Mediastinum, 273 

Medieations, nervous system and, 199 

Medium-sized veins, 296 

Medulla oblongata, 180 

Medullary eavity, 85 

Megakaryoeytes, 263 

Meiosis, 51, 450 

Melanin, 75 

Melanoeytes, 73 

Melanoma, 79 

Melatonin, 236 

Membrane attaek complex, 324 
Membrane potential, 166 
Membranes, 66 
Membranous labyrinth, 212 
Memory, 187 
loss, 199 
T eells, 329 
Menarehe, 456 
Meningeal layer, 177 
Meninges 
brain, 177 
spinal eord, 171 
Meningitis, 177 
Menopause, 459 
Menstrual eyele, 456, 458-459 
Mesenteries, 391 
Mesoeolon, 391 
Mesoderm, 57, 468 

Metabolie aeid-base imbalanee, 384-385 
Metabolie water, 374 

Metabolism, 23, 411, 419-422. See also Nutrition; Thyroid gland 
mierobiome and, 430 
Metaearpal (MC) bones, 111 
Metaphase, 51 
Metarterioles, 295 
Metastasis, 320 
Metatarsals, 114 

Mierobiome. See Human mierobiome 
Microcirculation, 297 
Mierofìlaments, 38 
Mieroglia, 161 
Micronutrients, 414 
Microtubules, 38 

Mierovilli, 42, 403 
Micturition, 368 
Midbrain, 180 
Middle ear, 211 
infeetions, 211 
Middle pieee, sperm, 451 
Midsagittal plane, 8 
Milk let-down reflex, 477 
Mineraloeortieoids, 241 
Minerals, 418 
Minor calyx, 358 
Mitoehondria, 42 
Mitosis, 50, 51 
Mitotie phase, 50 
Mitral area, 277 
Mitral valve, 275, 276 


Mixed nerves, 171, 173 
Mixtures, 25 
types of, 26 

Mnemonie, eranial nerve, 190 
Molars, 393 
Molecules, 4, 20, 24 
ATP, 23, 33 

eovalent bonds in, 22 
inorganie, 25-28 
polar, 22 

Monoeytes, 261, 323 
Monosaeeharides, 29, 404, 414 
Monosomy, 488 
Monozygomatie twins, 470 
Mons pubis, 455 
Mornla, 467 

Motor assoeiation area, 184 

Motor fìmetions of eerebral cortex, 184 

Motor nerves, 173 

Motor neurons, 135, 162 

Motor unit, 137 

Month, 392-393 
mierobiome, 430 
Movement 
bone and, 83 

of synovial joints, 122-123 

through eell membranes, 43—47 
mRNA (messenger RNA), 49 
Mucosa, 390, 396 
Mucous eells, 396 
Mucous membranes, 66 

nonspeeifìe immunity and, 322 

Mucus, 66, 341 
Multifactorial inheritanee, 489 
Multipara, 475 
Multiple selerosis, 168 
Multipolar neurons, 162 
Muscarinic reeeptors, 197, 198, 199 
Muscle(s), 4. See also Skeletal muscle 
abdominal wall, 146 
arreetor pili, 75 
eardiae, 131 

eells, 37 

eonditioning and exercise, 153 
eontraetion and relaxation, 135-140 
extrinsic eye, 216 

fibers, 64, 132, 133-134, 135, 137 

foot, 151 
forearm, 148 
fìmetion, 141 
head and neek, 145 

heat generation and, 12 

hip and thigh, 149-150 

intrinsie eye, 216, 221 
major body, 152-153 

names, 144 
respiratory, 344-346 
shoulders and upper arm, 147 
skeletal, 131 
smooth, 131 

structure, 132-134 
superficial, 142-143 
tissue, 64 

tissue development, 57 
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tissue types, 64 
tone, 136 

trtmk, 146 

types of, 131 
wrist and hand, 148 
Muscular arteries, 295 
Muscularis, 390 
Muscular system, 5 

heat generation and, 12 

Mutations, 487 
viral, 437 

Myasthenia gravis, 136 
Myelin, 164 
Myelinated fìbers, 168 
Myelination, 164 
Myelin sheath, 163, 164 
Myeloid leukemia, 262 
Myoeardial infaretion (MI), 281 
Myocardium, 274, 280 
Myofibrils, 133, 134 
Myofilaments, 133 
Myometrium, 454 
Myopia (nearsightedness), 220 
Myosin, 133, 134 
Myxedema, 238 

N 

Nails, 76 

Names, muscle, 144 
Nasal bones, 103 
Nasal eavities, 338 
Nasal epithelium, 210 
Nasolaerimal duct, 215 
Nasopharynx, 338 
Natural aetive immunity, 327 
Natural killer (NK) eells, 324 
Natural passive immunity, 327 
Navicular, 114 
Nearsightedness, 220 
Neek 

arteries of, 303 
of femur, 113 
muscles of, 145 

of tooth, 393 

veins of, 305 
Neerosis, 281 

Negative feedbaek, 13, 235 
Negative nitrogen balanee, 422 

NE (norepinephrine), 169, 194, 196, 198, 242, 286, 310 
Neonates, 478 

ehildbirth and, 475-476 

dehydration and, 376 
development of mierobiome and, 431 
laetation and, 477 

skull, 105 

Nephrons, 359, 360 

Nerve(s) 

eells, 37 

eranial, 188-190 
defined, 173 
faeial, 188, 195, 209 
fìber repair, 165 
hearing loss, 213 


impulse conduction, 166-168, 223 
injuries to, 165 

mixed, 171, 173 

motor, 173 
renal, 360 
sensory, 173 

somatie reflexes and, 175 

spinal, 171, 173-175 

synapses, 169 

tissue, 4, 64 

Nervous system, 6. See also Brain; Spinal eord 
aging and, 199 
autonomic, 191-199 

eells, 161-164 

eentral, 160 

eomparison of endoerine and, 159 

divisions, 160 

endoerine system and, 230 

enterie, 390, 391 

heat generation and, 12 
medieations and, 199 
neurons, 162-164 
overview, 159 

parasympathetie division, 193, 195, 198 
peripheral, 160 

sympathetie division, 193—194, 198 
Nervous tissue, 64 
Neural control/regulation 
of blood pressure, 310 

of breathing, 345 
Neurilemma, 164 
Neuroglia, 64, 161 
Neurohypophysis, 232 
Neuromuscular junction, 135 
disorders of, 136 

Neurons, 37, 64, 162-164 

motor, 135, 162 
sensory, 162 

Neurotransmitters, 135, 169, 196 

reeeptors and, 198-199 
Neutrons, 19 

Neutrophils, 260, 323, 325 

Newborns. See Neonates 
Nieotinie reeeptors, 197, 198, 199 
Nipple, 455 

Nitrogen balanee, 422 

Noeieeptors, 206, 207 

Nodes of Ranvier, 163 

Nondisjunction, 488, 489 

Nonessential amino aeids, 31, 416 

Nonessential nutrients, 414 

Nonshivering thermogenesis, 424 

Nonspeeifie immunity, 322-326 

Nonsteroidal anti-inflammatory drugs (NSAIDs), 247 

Nonsteroid hormones, 231 

Nonstriated muscle, 131 

Norepinephrine (NE), 169, 194, 196, 198, 242, 286, 310 

Normal sinus rhythm, 283 

Nose, 338 

Nosebleeds, 338 

Nostrils, mierobiome of, 430 

NSAIDS (nonsteroidal anti-inflammatory drugs), 247 
Nuclear envelope, 40 
Nuclear pores, 40 
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Nucleic aeids, 33, 48-49 
Nucleolus, 40 
Nucleotides, 33, 48 
Nucleus (nuclei) 
atomie, 19 
brain, 176 

eell, 38, 40 

Nucleus pulposus, 107 
Number, atomie, 19 

Nutrients, 411, 414—418 

Nutrition. See also Metabolism 

bone growth and maintenanee and, 90 

ealories and, 412 

hunger and satiety and, 413 


o 

Obesity, mierobiome and, 438 
Oblique fìssure, 342 
Oblique muscles, 142, 143, 146 
Obturator foramen, 112 
Oeeipital bone, 101 
Oeeipital lobe, 182 

Oculomotor nerve, 189, 190, 193, 216 

Odontoid proeess, 108 

Odors, 210 

Oleeranon fossa, 110 

Oleeranon proeess, 110 

Olfaetion, 210 

Olfaetory assoeiation area, 186 
Olfaetory bulbs, 210 
Olfaetory nerve, 188, 210 
Oligodendroeytes, 161, 164 
01iguria, 365 

Ooeytes, 453, 457 
Oogenesis, 456 

Open reduction, 91 
Ophthalmology, 215 
Optie ehiasm, 223 
Optie dise, 217, 218 
Optie nerve, 189, 217 
Oral eavity, 392. See also Mouth 
Orbicularis oculi, 145 
Orbicularis oris, 145 
Organelles, 4, 40-42 
Organie compounds, 29-33 
Organization of the body 
anatomieal terms in, 7-11 
hierarehy in, 4 
homeostasis and, 12-13 
organ systems in, 5-6 
Organ of Corti, 212, 213 
Organogenesis, 468 
Organs, 4 

lymphatie, 318-321 
Organ systems, 4, 5-6 
Orgasm, 452, 460 

Origin, of muscle, 141 
Oropharynx, 338 
Orthopedies, 92 
Orthopnea, 350 
Os coxae, 112 
Osmolarity, 44, 374 
Osmosis, 43-44 
Osmotie pressure, 43 
eolloid, 299 


Osseous tissue, 86-87. See also Bone(s) 
Ossifieation, 88-89, 90 

endoehondral, 89 
Osteoarthritis, 126 
Osteoblasts, 86, 88, 89 
Osteoelasts, 86 
Osteoeytes, 62, 86 
Osteology, 86 
Osteomyelitis, 85 
Osteon, 87 
Osteonie eanal, 87 
Osteoporosis, 90, 242 
Otitis media, 211 
Otoliths, 214 

OT (oxytocin), 234, 475, 477 

Outer ear, 211 

Output, eardiae, 285-289 

Oval window, 211 

Ovarian eyele, 456, 457, 459 
Ovarian follieles, 453 
Ovaries, 453 

Ovulation, 453, 458, 465 
Ovum, 453, 465-466 
Oxygen, 22, 26, 337 

in blood, 256 

gas exchange and, 352, 353 
respiration and, 346 
transport, 353 
Oxygenation, 353 
Oxygen debt, 140 
Oxyhemoglobin, 255, 353 

Oxytocin (OT), 234, 475, 477 


P 

Pain, 207-208 

abdominal, 11 
breathing and, 346 
from inflammation, 325 
referred, 11, 208 
sensation of, 172 
spinal traets and, 172 
Pairings, ehromosomes, 48 
Palate, 338 
Palatine bones, 103 
Palatine tonsils, 320 
Pallor, 73 
Palmitie aeid, 30 
Palpebral fissure, 215 
Panereas, 243-246, 401 
in digestion, 404-405 
tissue, 57 

Panereatie amylase, 404 
Panereatie islets, 243 
Papillae, 71, 209 

Papillary muscles, 278 
Parafollicular eells, 237 
Paralysis, 145 
Paranasal sinuses, 104 
Paraplegia, 173 

Parasympathetie impulses, 310 

Parasympathetie nervous system, 193, 195, 198, 286 

Parasympatholyties, 199 

Parasympathomimeties, 199 

Parathyroid glands, 238-240 
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Parathyroid hormone (PTH), 238-239, 240, 242, 364 
Parietal bones, 101 
Parietal eells, 396 
Parietal layer, 274, 390 
Parietal lobe, 182 
lesion, 182 

Parietal membrane, 66 
Parietal pleura, 343 
Parotid gland, 392 
Partial pressure, 351 
Parmrition, 475 
Passages, bone, 98 
Passive immunity, 327 
Passive transport, 43-45, 47 

Passive ventricular filling, 284 
Patella, 113 
Pathogens, 430, 438 

Pathologie fracture, 91 
Pathophysiology, 3 
Peetoral girdle, 100, 110 
Peetoralis major, 147 
Pelvie brim, 113 
Pelvie eavity, 10 

Pelvie girdle, 100, 112-113 

Pelvie outlet, 113 
Pelvis, 113 
Penieillin, 435 
Penis, 446, 449 
Pepsin, 405, 407 
Peptie ulcer, 397 
Peptidases, 405, 407 

Peptide bonds, 32 
Peptide YY (PYY) ,413 
Peptidoglyean, 435 
Perieardial eavity, 274 
Pericardium, 66, 274 
Perilymph, 212, 213 
Perimetrium, 454 
Perimysium, 132 
Periodontal ligament, 393 
Periosteal layer, 177 
Periosteum, 85 

Peripheral nervous system, 160. See also Nervous system 
neuroglia of, 161 
Peripheral resistanee, 308-310 
Peristalsis, 394, 402 
Peritoneal dialysis, 368 
Peritoneum, 66, 390, 391 
Peritubular eapillaries, 359 
Pernicious anemia, 259, 261 
Peyer’s patehes, 318, 402 
PGE (prostaglandin E), 326 

pH, 27 

blood, 380, 382 
buffers and, 381-382 
normal body, 384 
renal eontrol of, 383 
respiratory eontrol of, 382 
seale, 28 
tissue, 380 
urine, 365 
Phagoeytes, 329 
Phagoeytosis, 46, 47, 323 
Phalanges, 111, 114 
Pharyngeal tonsil, 320 


Pharynx, 338, 394 
Phenotype, 486 
Pheomelanin, 73, 75 
Phosphate, 377, 380 

buffer system, 381 

Phospholipids, 30, 39 
Phosphoms, 418 
Photopupillary reflex, 221 
Photoreeeptors, 206, 222 
Phrenie nerve, 174 
Physiologieal buffers, 382 
Physiologieal dead spaee, 349 
Physiologieal jaundice, 258 
Physiology 
defined, 3 
study of, 3 
Pia mater, 171, 177 
Pili, 433 

Pineal gland, 236 
Pinna, 211 
Pinoeytosis, 46, 47 
Piteh of sound, 212 
Pituitary dwarfìsm, 233 
Pimitary gland, 232-235 
Pivotjoint, 121 

Plaeenta, 469, 470, 476 

Planes, body, 8 

Plantar flexion, 122 

Plasma, 62, 253 

Plasma membrane, 38, 39 

Plasmids, 433 

Plasmin, 265 

Plasminogen, 265 

Plasminogen aetivator (t-PA), 266 

Platelet plug, 263 

Platelets, 253, 254, 263-266 

Pleura, 66, 343 

Pleural eavity, 343 

Pneumotaxic eenter, 345 

Pneumothorax, 348 

PNS (peripheral nervous system), 160. See also Nervous system 
neuroglia of, 161 
Poisoning, 18 
Polarization, 166 
Polar molecule, 22 
Polyeythemia, 259 
Polyeythemia vera, 259 
Polydipsia, 245, 246 
Polygenie inheritanee, 486 
Polyhedral eapsid, 436 
Polymer, 48 
Polypeptides, 32 
Polyphagia, 246 
Polysaeeharides, 29, 404, 414 
Polyuria, 246 
Pons, 180 

Popliteal artery, 302 
Popliteal vein, 304 
Portal of entry, 438 
Portal system, 300 
Portal vein, 398, 399 

Positive feedbaek, 13 
Positive nitrogen balanee, 422 
Posteentral gyrus, 184, 207 
Posterior eavity of eye, 218 
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Posterior ehamber of eye, 218 
Posterior cruciate ligament (PCL), 125 
Posterior (dorsal) horns, 171 
Posterior (dorsal) region, 7 
Posterior (oeeipital) fontanel, 105 
Posterior pimitary, 232, 234, 477 
Posterior tibial artery, 302 
Posterior tibial vein, 304 
Postganglionie neuron, 192 
Postsynaptie neuron, 169 
Potassium, 288, 377, 379, 384, 418 
Potential energy, 23 
Preeapillary sphineter, 297 
Preeentral gyrus, 184 
Preembryonie stage, 467-468 
Preganglionie neuron, 192 
Pregnaney. See also Reproductive system 

ehildbirth and, 475-476 
embryonie stage, 469-470 
fertilization and, 465-466 
fetal stage, 471-473 
laetation and, 477 
physieal ehanges during, 474 
preembryonie stage, 467-468 
Rh group and, 268-269 
stages of prenatal development, 467-473 
vaginal ehanges during, 432 
Preload, 288 

Premature ventricular eontraetions (PVCs), 283 
Premolars, 393 

Prenatal development, 467-473 
Prepuce, 449, 455 
Presbyopia, 220 
Pressoreeeptors, 287, 310 
Pressure gradient, 306 
Presynaptie neuron, 169 
Primary auditory complex, 186 
Primary bronehi, 340 
Primary follieles, 457 

Primary gustatory complex, 186 

Primary lymphatie organs, 318 

Primary motor cortex, 186 

Primary response, 331 

Primary sex eharaeteristies, 449 

Primary sex organs, 445 

Primary somatie sensory area of brain, 184 

Primary spermatoeytes, 450 

Primary structure, protein, 32 

Primary visual cortex, 186 

Prime movers, 141 

Primipara, 475 
Prineipal arteries, 302 
Prineipal veins, 304 
PR interval, 283 
PRL (prolaetin), 233, 477 
Products, 24 
Proerythroblasts, 254 

Progesterone, 247, 457, 458, 470, 475, 477 

Projeetions, sensory, 98 
Prolaetin-inhibiting hormone, 233 

Prolaetin (PRL), 233, 477 
Pronation, 110, 123 
Pronator muscles, 148 
Prophase, 51 
Proprioeeptors, 206, 287 


Prostaglandin E (PGE), 326 
Prostaglandins, 247 
Prostate gland, 448 
disorders, 448 
Prosthesis, 125 
Proteases, 405, 407 
Protein balanee, 422 
Proteins, 31-32, 416 
antimierobial, 324 

buffer system, 381 
in eell membrane, 39 

digestion, 405 
metabolism, 422 
structure of, 32 
synthesis of, 49 
Proteinuria, 361 
Prothrombin, 264 
Prothrombin aetivator, 264 
Protium, 20 
Protons, 19 

aeeeptors, 27 
donors, 27 
Protraetion, 123 

Proximal convoluted tubule, 360 
Proximal head of radius, 110 
Proximal region, 7 
Pseudopods, 323 

Pseudostratified columnar epithelium, 59 
Psoriasis, 79 

PTH (parathyroid hormone), 238-239, 240, 242, 364 
Puberty, 456 
Pubic symphysis, 451 
Pubis, 112, 126 
Pulmonary artery, 275 
Pulmonary circulation, 300 
Pulmonary eomplianee, 348 
Pulmonary valve, 275, 276 
Pulmonary veins, 275 
Pulmonary ventilation, 344-353 
gas exchange and, 351-353 

gas transport and, 353 
measurements, 349-350 
pressure and airflow in, 347-348 
respiratory muscles in, 344-346 

respiratory rhythm, 350 

Pulmonic area, 277 
Pulp, white and red, 393 
Pulp eavity, 393 
Pulse pressure, 307 
Pulses, 301 
Pumps 

skeletal muscle, 311 

transport by, 45, 47 
Pupil, 221 

Pupillary eonstrietor, 221 
Pupillary dilator, 221 
Purkinje fìbers, 282 

Pus, 325 

PVCs (premature ventricular eontraetions), 283 
P wave, 283 

Pylorie sphineter, 395, 396 
Pyloms, 395 

Pyramidal traets, 172 
Pyrexia, 326 
Pyrogen, 326 
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Q 

QRS complex, 283 
Quadrants, abdominal, 11 
Quadrate lobe, 398 
Quadriceps femoris, 149 
Quadriplegia, 173 
Quaternary structure, protein, 32 
Quickening, fetal, 473 

R 

Rabies virus, 436 
Radial artery, 301, 302 
Radial nerve, 174 
Radial tuberosity, 110 
Radial vein, 304 
Radiation, 423 
Radiation therapy, 20 
Radioaetivity, 20 
Radioisotopes, 20 
Radius, 110 

RBC. See Red blood eells 

RDS (respiratory distress syndrome), 473 

Reaetants, 24 

Reaetion easeade, 264 

Reaetions, ehemieal, 24 

Reeeptive fìeld, 206 

Reeeptors, 197 

neurotransmitters and, 198-199 
sensory, 203-206 

Reeessive allele, 485 
Reemitment, 139 
Rectum, 406, 407 
Rectus abdominis, 142, 146 
Rectus femoris, 142 

Red blood eells (RBC), 37, 253, 254, 255-259 

breakdown, 258 
count, 256 

hemoglobin, 255, 256 
life eyele, 257 
spleen and, 321 
Red bone marrow, 85, 88, 254 
Redness, from inflammation, 325 
Red pulp, 321 
Referred pain, 11, 208 
Reflex are, 175 
Reflexes 

somatie, 175 
viseeral, 191 

Refraetion, 219 
Refraetory period, 167 
Regeneration, 65 
Relaxation, muscle, 135-140 
Releasing hormones, 232 
Remodeling, bone, 90 
Renal arteries, 302, 359 
Renal calculi, 367 
Renal circulation, 359 
Renal columns, 358 

Renal eompensation for aeid-base imbalanees, 385 

Renal eontrol of pH, 383 

Renal corpuscle, 360 

Renal cortex, 358 

Renal dialysis, 368 

Renal innervation, 360 

Renal insufficiency (renal failure), 368 


Renal medulla, 358 
Renal papilla, 358 
Renal pelvis, 358 
Renal pyramids, 358 
Renal tubule, 360 
Renal veins, 359 
Renin, 310, 362 

Renin-angiotensin-aldosterone system, 362 
Repair 

fracture, 92 
nerve fiber, 165 
tissue, 65 

Repetitive strain injuries, 111 
Repolarization, 167 
Reproduction, cellular, 50-52 
Reproductive system. See also Pregnaney 
birth eontrol and, 461 
female, 6, 453-460 
male, 6, 446-452 
overview, 445 
Residual volume, 284, 349 
Resistanee, 306, 307 
peripheral, 308-310 
Resistanee exercise, 153 
Resistanee vessels, 295 
Resorption, 90 
Respiration 

aeeessory muscles of, 344 
aerobie, 140, 419, 420 
anaerobie, 140 

cellular, 26 

faetors influencing, 348 

gas exchange, 351-353 

muscles involved in, 146, 344-346 

neural eontrol of, 345 

pressure and airflow in, 347-348 

rhythm, 350 

Respiratory aeid-base imbalanee, 384-385 
Respiratory eenters, 180 

Respiratory eompensation for aeid-base imbalanees, 385 
Respiratory eyele, 344 
Respiratory distress syndrome (RDS), 473 
Respiratory membrane, 341 
Respiratory pump, 311 
Respiratory system, 5 
eontrol of pH, 382 
lower respiratory traet, 337, 340-343 
neonatal, 478 
pregnaney and, 474 
pulmonary ventilation, 344-353 
traets, 337 

upper respiratory traet, 337, 338-339 
Resting potential, 166 

Rete testis, 447 

Reticular aetivating system (RAS), 181 
Reticular fibers, 61 
Reticular formation, 181, 207 
Reticular tissue, 60, 61, 63 
Reticulocytes, 257 
Retina, 217 

Retinal image, formation of, 219 
Retraetion, 123 
Retroperitoneal, 391 
Reversible reaetions, 24 
Rheumatic fever, 332 
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Rheumatoid arthritis, 126 
Rh group, 268-269 

Rhythm, respiratory, 350 
Rhythmieity, 282 
Rhythm method, 461 

Ribonucleic aeid. See RNA (ribonucleic aeid) 

Ribosomes, 40, 433 
Ribs, 109 

Right bundle braneh, 282 
Right eolie (hepatie) flexure, 406 
Right eommon earotid artery, 303 
Right eoronary artery, 280 
Right hemisphere, 187 

Right hepatie duct, 399, 400 

Right hypoehondriae region, 11 
Right iliae region, 11 
Right lobe, liver, 398 
Right lumbar region, 11 
Right lymphatie duct, 318 
Right ventricular failure, 289 
Rigor mortis, 137 
Ringworm, 438 

RNA (ribonucleic aeid), 29, 33, 48 
protein synthesis and, 49 
structure, 49 
viral, 436, 437 
Rods, 217, 222 

Root 
hair, 75 

tooth, 393 
Rotation, 123 
Rotator cuff, 147 
injury, 147 

Rough endoplasmie reticulum, 40 
Round ligament, 453 
Round window, 211, 212 

Rugae, 366, 395, 454 

Rule of nines, 78 
Ruptured dise, 107 

s 

Saccule, 214 
Saeral curve, 106 
Saeral plexus, 174 
Saeroiliae joint, 112, 120 
Saemrn, 106 
Saddlejoint, 121 
Sagittal suture, 102 
Sagittal plane, 8 
Saliva, 392 
Salivary glands, 392 
Saltatory conduction, 168 

Salty, 209 
Sareolemma, 133 
Sareomeres, 134 
Sareoplasm, 133 

Sareoplasmie reticulum (SR), 133 
Sartorius, 149 

SA (sinoatrial) node, 282, 286 
Satiety, 413 
Saturated fats, 415 
Saturated fatty aeids, 30 
Scapula, 110 
Schwann eells, 161, 164 


Seiatie nerve, 163, 174 

SCID (severe eombined immunodefìciency disease), 332 

Selera, 217 

Seleroderma, 332 

Seoliosis, 106 

Seromrn, 446 

Seasonal affeetive disorder, 236 
Sebaceous glands, 77 
Seeondary bronehi, 340 
Seeondary lymphatie organs, 318 
Seeondary polyeythemia, 259 
Seeondary response, 331 
Seeondary sex eharaeteristies, 449 
Seeondary sex organs, 445 
Seeondary spermatoeytes, 450 
Seeondary structure, protein, 32 
Seeond-degree burns, 78 
Seeond gap phase, 50 
Seeond heart sound (S 7 ), 284 
Seeond trimester, 466 
Seeretin, 401 
Segmentation, 402 
Seleetive permeability, 39 
Sella rnreiea, 101 
Semen, 451, 452 
Semicircular eanals, 212, 214 
Semilunar valves, 276 
Semimembranosus, 150 
Seminal vesieles, 447, 448 
Seminiferous tubules, 447 
Semitendinosus, 150 
Seneseenee, 478 
Senses 

balanee, 214 
general, 207-208 
hearing, 211-213 
smell, 210 

speeial, 186, 209-223 
taste, 209 

vision, 215-223 
Sensorineural hearing loss, 213 
Sensory flmetions of eerebral cortex, 184 
Sensory nerves, 173 
Sensory neurons, 162 
Sensory pereeption 

eerebral cortex and, 184 
skin and, 74 
Sensory projeetion, 206 
Sensory reeeptors, 205-206 
Seprnm, 338 
Serosa, 390 
Serotonin, 169 
Serous membranes, 66 
Serous perieardimn, 274 
Serrams anterior, 147 

Sertoli eells, 447 
Serum, 253 

Set point (set point range), 12 

Severe eombined immunodeficiency disease (SCID), 332 

Sex ehromosomes, 484, 489 

Sex-linked inheritanee, 486 

Sex steroids, 241 

Sexual response 

female, 460 
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male, 452 
Shaft 

hair, 75 

penile, 449 

Shape 

baeteria, 434 

epithelial tissue, 58 

Shell temperature, 423 
Shoek 

anaphylaetie, 332 
hypovolemia, 376 
Short bones, 84 
Short-term memory, 187 
Shoulder, 124 
disloeation, 124 
girdle, 110 
muscles of, 147 
synovial joints, 122-123 
Siekle eell disease, 256 
SIDS (sudden infant death syndrome), 477 
Sigmoid eolon, 406 
Simple columnar epithelium, 59 
Simple cuboidal epithelium, 59 
Simple epithelia, 58, 59 
Simple fracture, 91 
Simple goiter, 238 
Simple squamous epithelium, 59 
Simple sugars, 414 
Single-gene disorders, 487 
Sinoatrial (SA) node, 282, 286 
Sinuses, 104, 319 
Sinusitis, 432 
Sinusoids, 298, 399 
Situs inversus, 3 
Skeletal muscle, 64, 131 
pump, 311 
structure, 132-134 
Skeletal system, 5. See also Bone(s) 
adult, 99 

bone surface markings, 98 
examining skeletal remains and, 100 
overview, 97-100 
Skeleton, 83 
heart, 276 

Skenes glands, 455 
Skin, 66 

appendages of, 75—77 
burns and, 78 
eaneer, 79 

eolor, 73 

functions of, 74 

nonspeeifìe immunity and, 322 

pregnaney and, 474 

structure, 71-72 

thiekness, 72 

Skull(s), 100, 101-105 

bones assoeiated with, 104 
infant, 105 
Sleep, 186 
disorders, 236 

Sliding-fìlament model, 134 
Slipped dise, 107 
Slow pain fibers, 207 
Slow-twitch (type I) fibers, 137 


Small intestine, 402-403 
Smegma, 449 
Smell, 210 

Smooth endoplasmie reticulum, 40 
Smooth endothelium, 40, 265 
Smooth muscle, 64, 131 
Sodium, 21, 363, 377, 378-379, 418 
Sodium biearbonate, 383 
Sodium ehloride, 21, 377 
Sodium hydroxide, 27 
Sodium-potassium pump, 45 
Soft palate, 392 
Soleus, 151 
Solute, 26, 45 
Sohitions, 26 
hypertonie, 44 
hypotonie, 44 
isotonie, 44 
Solvent, 26 
Soma, 64, 163 

Somatie motor division, 160 
Somatie nervous system, 192 
Somatie reflexes, 175 
Somatie sensory assoeiation area, 184 

Somatostatin, 233, 243, 246 
Somatotropin, 233 
Sounds, heart, 277 
Sour, 209 

Speeialty vertebrae, 108 
Speeifie imrminity, 322, 327-331 
Speeifieity, hormone, 230 
Sperm, 450, 465-466 
Spermatie eord, 446 
Spermatie ducts, 447 
Spermatids, 450 
Spermatogenesis, 450 
Spermatogonia, 450 
Spermatozoa, 450, 451 
Spermieide, 461 
Sphenoid bone, 101 
Sphenoid sinus, 104 
Sphineter of Oddi, 400 
Spinal aeeessory nerve, 189 
Spinal eavity, 10 

Spinal eord, 170. See also Nervous system 
injury, 173 

somatie reflexes and, 175 
structure, 171-172 
Spinal curvatures, abnormal, 106 
Spinal nerves, 173-175 

attaehment to spinal eord, 171 
Spinal traets, 172 
Spinoeerebellar traet, 172 
Spinoreticular traet, 207 
Spinothalamie traet, 172 
Spinous proeess, 107 
Spiral fracture, 91 

Spirilla, 434 
Spirometer, 349 
Spleen, 321 
Spleneetomy, 321 
Splenie artery, 302 
Splenie rupture, 321 
Splenie vein, 305 
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Spongy bone, 87 
Sports, muscle fibers and, 137 
Squamous eells, 38, 59 
eareinoma, 79 
Squamous suture, 102 
SR (sareoplasmie reticulum), 133 
Stapes (stirmp), 104, 211 
Staphyloeoeei, 434 
Stareh, 29 

Starling’s law of the heart, 288 
Startle reflex, 473 
Statie equilibrium, 214 
Stem eells, 57 
Stenotie valve, 277 
Sternoeleidomastoid, 145 
Sternum, 109 
Steroid hormones, 231 
Steroids, 30 
Stieky platelets, 263 
Stimulus frequency, 138 
Stimulus intensity, 139 

Stomaeh, 395-397 
Stratifìed epithelia, 58, 59 
Stratifìed squamous epithelium, 59 
Strarnm basale, 72, 454 
Stratum corneum, 72 
Stramrn functionalis, 454 
Strarnm germinativum, 72 
Streptoeoeei, 434 
Stress, eortisol and, 242 
Streteh, respiration and, 346 

Stria, 275 

Striated muscle, 64, 131 
Stroke vohime (SV), 285, 288 
Strong aeids, 27 
Strong stimulus, 139 
ST segment, 283 
Styloid proeess, 101 

of the radius and ulna, 110 

Subarachnoid spaee, 171, 177 
Subclavian artery, 302 
Subclavian vein, 305 
Subcutaneous injeetions, 72 
Subdural spaee, 177 
Sublingual gland, 392 
Submandibular gland, 392 
Submucosa, 390 
Subscapularis, 147 
Sucrase, 404, 407 
Sucrose, 29 

Sudden infant death syndrome (SIDS), 477 
Sugars, simple, 414 
Sulci (sulcus), 176 
Superficial faseia, 132 

Superficial imiseles, 142-143 

Superficial region, 7 

Superficial veins, 304 

Superior mesenterie artery, 302 

Superior mesenterie vein, 305 

Superior oblique muscle, 216 

Superior region, 7 

Superior vena eava (SVC), 275, 304 

Supination, 110, 123 

Supinator muscle, 148 

Supraspinatus, 147 


Suprasternal noteh, 109 
Surfactant, 341, 473 
Surgical sterilization, 461 
Suspension, 26 
Suspensory ligaments, 455 
Suture joints, 119 
Suture lines, 102, 105 
Sutures, 102 
Swallowing, 394, 396 
Sweat glands, 77 
Sweet, 209 

Swelling, from inflammation, 325 
Sympathetie impulses, 310 

Sympathetie nervous system, 193—194, 195, 198, 286 
Sympatholyties, 199 
Sympathomimeties, 199 
Symphysis, 119 
Synapses, 169 
Synaptie eleft, 135 
Synaptie knob, 163 
Synarthroses, 119 
Synergists, 141 
Synovial fluid, 120 
Synovial joints, 120-124 
key, 124 

movement of, 122—123 

types of, 121 

Synovial membranes, 66, 120 
Synthesis, 24 
Synthesis phase, 50 
Systemie circulation, 300, 301-305 

Systemie lupus erythematosus, 332 

Systole, 284 

Systolie pressure, 306, 307 

T 

T (thymine), 48 
Taehyeardia, 285 
Taehypnea, 350 
Tail, sperm, 451 
Talus, 114 
Target eells, 230 
Tarsal, 84 
Tarsal bones, 114 
Tarsal glands, 215 
Tarsal plate, 215 
Taste, 209 
Taste eells, 209 
Taste pore, 209 

T eells, 318, 327, 328, 329, 330 

Teetorial membranes, 212 

Teeth, 393 

mierobiome, 430 
Telophase, 51 
Temperature, 208 
blood and body, 253 
reaetion rates and, 24 
regulation, 423-424 
testes and, 446 
Temporal bones, 101 

Temporalis, 145 

Temporal lobe, 182 
lesion, 182 

Temporomandibular joint (TMJ), 103, 120 
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TEM (transmission eleetron mieroseope), 38 

Tendons, 61, 132 

Tensile strength, 86 

Tenting, 376 

Tentorium eerebella, 177 

Teres major, 143 

Teres minor, 143, 147 

Tertiary bronehi, 340 

Tertiary structure, protein, 32 

Testes, 446-447 

Testosterone, 241, 247, 447, 449, 451 

body fat and, 63 
bone growth and, 89 
Tetanus, 136 
eomplete, 138 
ineomplete, 138 

Tetany, 240 
Thalamus, 181 
Thermoreeeptors, 206, 208 
Thermoregulation, 423—424 
neonate, 478 
skin and, 74 
Thiek fìlaments, 133 
Thigh, muscles aeting on, 149-150 
Thin fìlaments, 133 
Third-degree burns, 78 
Third trimester, 466 
Third ventriele, 178 
Thoraeie aorta, 302 
Thoraeie eage, 100, 109 
Thoraeie eavity, 10 
Thoraeie curve, 106 
Thoraeie duct, 318 
Thoraeie vertebrae, 106 
Thoracolumbar division, 194 
Threshold, 137 
Thrombin, 264 
Thromboeytes. See Platelets 
Thrombus, 266 

Thrnsh, 438 
Thymine (T), 48 
Thymopoietin, 236 
Thymosin, 236, 318 
Thymus, 236, 318 
Thyroid gland, 237-238, 242 
eartilage, 339 

eolloid, 237 
disorders, 238 
follieles, 237 

tissue, 57 

Thyroid-stimulating hormone (TSH), 233, 237 
Thyrotropin, 233 

Thyrotropin-releasing hormone (TRH), 233 
Tibia, 113 

Tibial eollateral ligament, 125 
Tibialis anterior, 151 
Tibial tuberosity, 113 
Tibiofemoral joint, 125 
Tie douloureux, 190 
Tidal volume, 349 
Tinea, 79 

Tissue plasminogen aetivator (t-PA), 266 
Tissue(s), 4, 57 

bone, 61, 62 

eonneetive, 4, 60-63 


development, 57 

epithelial, 4, 58-59 

layers of the eye, 217 
layers of digestive traet, 390 
lymphatie, 315, 318-321 
membranes, 66 
muscle, 64 
nerve, 4, 64 

osseous, 86-87 

pH of, 380 

repair, 65 

T lymphoeytes (T eells), 318, 327, 328, 329, 330 
TMJ (temporomandibular joint), 103, 120 
Tone, muscle, 136 
Tongue, 392 

Tonieity, 44 
Tonsillitis, 320 
Tonsils, 320 
Torsional strength, 86 
Total lung eapaeity, 349 
Touch, 208 
Trabeculae, 87, 319 
Traee elements, 18 
Traehea, 340 
Traets, spinal, 172 
Transcellular fluid, 373 
Transeription, 49 
Transdermal administration, 74 
Transfìision reaetion, 267 
Transitional epithelium, 59 
Translation, 49 

Transmission eleetron mieroseope (TEM), 38 
Transport 

aetive, 45-47 
passive, 43-45, 47 
by pumps, 45 
by vesieles, 46 
Transverse eolon, 406 
Transverse ligament, 108 
Transverse plane, 8 
Transverse proeesses, 107 
Transverse (T) tubules, 133 
Transversus abdominis, 146 
Trapezium, 111 

Trapezius, 145, 147 
Treppe, 138 

TRH (thyrotropin-releasing hormone), 233 

Trieeps braehii, 148 

Tricuspid area, 277 

Tricuspid valve, 275, 276 

Trigeminal nerve, 189, 210 

Trigeminal neuralgia, 190 

Triglyeerides, 30 

Trigone, 366 

Trimesters, 466 

Trisomy, 488 

Trisomy 21, 488 

Tritium, 20 

tRNA (transfer RNA), 49 
Troehlear nerve, 189, 216 

Trophoblast, 467, 468 
Tropie (trophie) hormones, 233 
Tropomyosin, 133 
Troponin, 133 
True (lesser) pelvis, 113 
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True ribs, 109 
Trunk muscles, 146 
Trypsin, 405, 407 

TSH (thyroid-stimulating hormone), 233, 237 
^ T 4 (thyroxine), 237, 240 

£ T 3 (triidothyronine), 237, 240 

Tubular reabsorption, 363-364 
Tubular seeretion, 363-364 
Tubules, testicular, 447 
Tumors, 52 
brain, 161 

Tunica externa, 294, 295, 296 

Tbniea intima, 294, 295, 296 

Ttiniea media, 294, 295, 296 

Tbnies, 294 

Turgor, 376 

Turner syndrome, 489 

T wave, 283 

Twins, 470 

Twitch, 137 

Tympanie membrane, 211 
Type 1 diabetes, 245 
Type 2 diabetes, 245 

u 

U (uracil) 

Ulcerative eolitis, 332 
Ulcers, peptie, 397 
Ulna, 110 
Ulnar nerve, 174 
Ultraviolet light, 216 
Umami, 209 

Umbilical arteries, 469, 470, 471 
Umbilical eord, 469 

Umbilical region, 11 

Umbilical vein, 469, 470, 471 
Undescended testiele, 446 
Unipolar neurons, 162 
Units of energy, 412 
Universal blood donor, 268 
Universal reeipient, 268 
Unsaturated fats, 415 
Unsaturated fatty aeids, 30 
Upper limbs, 100, 110-111 
muscles, 147-148 

Upper respiratory traet, 337, 338-339 
Uracil (U), 49 
Ureter, 358, 366 
Urethra, 366 
female, 367 
male, 367, 447 
Urinalysis, 365 
Urinary bladder, 366 
Urinary system, 5 

kidneys, 357, 358-360 
overview of, 357 
pregnaney and, 474 
urination, 368 
Urinary traet infeetions, 367 
Urination, 368 
Urine 

eomposition, 365 

formation, 361-364 

storage and elimination of, 366-368 


Urochrome, 365 
Urticaria, 79 
Uterine stretehing, 475 
Uterine tubes, 454 
Uterus, 454 

pregnaney and, 474 
Utricle, 214 
Uvula, 392 


V 

Vaeeinations, 327 
Vagina, 454 

mierobiome, 430, 431, 432 
Vaginal rugae, 454 
Vaginitis, 438 

Vagus nerve, 188, 195, 209, 286 
Valenee eleetrons, 20 
Vallate papillae, 209 
Valves, heart, 275, 276 
Valvular disease, 277 
Valvular insufficiency, 277 
Valvular stenosis, 277 
Vascular spasm, 263 
Vascular system, 293 

arteries, 293, 295, 300-303 
eapillaries, 293, 297-299 

circulation prineiples, 306-311 
eirailatory routes, 300-305 
pregnaney and, 474 
veins, 293, 296, 304-305 

vessel structure, 294 
Vas deferens, 447 
Vasoeonstrietion, 308, 310 
Vasodilation, 308, 310 
Vasomotion, 308 
Vasomotor eenter, 180, 310 
Vasopressin, 234 
Vastus intermedius, 149 
Vastus lateralis, 149 
Vastus medialis, 149 
Veins, 293, 296, 304-305 
liver, 398, 399 
prineipal, 304 

pulmonary, 275 

renal, 359 

umbilical, 469, 470, 471 

venous return, 311 

Veloeity, blood, 309 
Vena eava, 275, 304 
Venous anastomosis, 300 
Venous return, 311 

Ventilation. See Pulmonary ventilation 
Ventral (anterior) horns, 171 
Ventral (anterior) nerve roots, 171 
Ventral eavity, 10 
Ventral region, 7 
Ventrieles 
brain, 178 
heart, 275 

Ventricular ejeetion, 284 
Ventricular fibrillation, 283 
Venules, 296 
Vernix easeosa, 473 
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Vertebrae, 84, 106 

eharaeteristies of, 107 
speeialty, 108 
Vertebral arteries, 303 
Vertebral column, 100, 106-108 
Vertebral foramen, 107 
Vertebral vein, 305 
Vesieles, transport by, 46 
Vessels 

eapaeitanee, 296 
diameter of, 308 
exchange, 297 
heart, 275 

lymphatie, 316-318 
resistanee, 295 
structure, 294 
Vestibular folds, 339 
Vestibular nerve, 211, 212 
Vestibule, 212, 455 

Vestibulocochlear nerve, 188 

Villi, 403, 405 
Vimses, 430, 436-437 

Viseeral layer, 274, 390 
Viseeral motor system, 191 
Viseeral pleura, 343 
Viseeral reflexes, 191 
Viseosity, blood, 253, 308 
Vision, 215-223 

proeess of, 219-223 
Visual acuity, 220 
Visual assoeiation area, 186 
Visual defeets, 220 
Vital eapaeity, 349, 350 
Vitamin D, 74 

skin and production of, 74 

Vitamin K, 265 
Vitamins, 415, 417 

Vitreous humor, 218 

Voeal eords, 339 
Volkmann eanals, 87 
Volume depletion, 376 
Voluntary muscle, 64, 131 
Vomer, 103 
Vomiting, 397 
Vulva, 455 


w 

Warfarin, 266 
Warm reeeptors, 208 
Water, 17, 22, 25. See also Fluid(s) 
balanee, 373-377 

intoxication, 377 

metabolie, 374 

regulation of intake and output of, 375 
-soluble vitamins, 417 
tubular reabsorption and seeretion and, 363 
WBC. See White blood eells 
Weak aeids, 27 
Weak stimulus, 139 
Wernickes aphasia, 186 
Wernickes area, 186 

White blood eells (WBC), 253, 254, 260-262 
White matter, 176, 183 
White pulp, 321 

Withdrawal method of birth eontrol (coitus interruptus), 461 
Wrist 

bones, 111 
muscles, 148 


X 

X ehromosome, 486 
Xiphoid proeess, 109 

Y 

Y ehromosome, 486 
Yellow bone marrow, 88 

Yolk sae, 468, 469 

z 

Z-dise, 134 
Z-line, 134 
Zona fasciculata, 241 
Zona glomemlosa, 241 
Zona pellucida, 466 
Zona reticularis, 241 
Zygomatie areh, 101 
Zygomatie bones, 103 
Zygomaticus, 145 
Zygote, 466, 467 
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Llnderstanding Anatomy & Physiology 
Gale Sloan Thompson 


What's Your Learning Style? 

Do you learn best when you ean see something, when you ean /?ea/something, or when you ean physieally do something? 
Granted, everyone uses all three methods when learning something new. Even so, it's likely that you prefer one of these 
methods over the other two. 

Identifying your preferred method for learning, known as your learning style, and then modifying the way you study to fit that 
style, will make learning easier, should lessen anxiety, and, aeeording to a number of studies, will help you seore higher on tests. 


Visual learners typieally: 


Visual learners 
remember what they 


SEE 



Learn best when they ean read 
about what they are learning. 
Like to look at pictures or 
watch a demonstration when 
learning a new task. 

Like to write things down or 
take notes for review. 
Remember how to spell a 
word by writing it down and 
seeing if it looks right. 

Close their eyes when trying 
to remember something in an 
attempt to visualize it. 

Prefer that direetions be 
written down. 

Study best alone in a quiet 
environment. 

Understand and like eharts 
and graphs. 

Might say, "How do you see 
this situation?" 



If you are a visual learner: 

• Take advantage of the textboolc, 
with its vivid illustrations and 
colorful text boxes. Praetiee 
turning the visual images baek 
into words. 

• IJse the study guide, paying 
particular attention to the 
eoloring exercises, crossword 
puzzles, and highlighting 
aetivities. 

• Complete the "Body Language" 

labeling exercises. 

• Review the animations of 

physiologieal proeesses. 

• Review the printed questions 
from "Study Group," testing 
yourself to see if you know all 
the answers. 

• Draw or write out the steps in 
physiologieal proeesses. 

• Use different eolored highlighters 
to highlight notes, grouping 
eoneepts or topies by eolor. 

• Make flasheards of terms or key 
eoneepts. 


Learning Tools from (Jnderstanding Anatomy & Physiology 

Appealing to your particular learning style is easy with LJnderstanding Anatomy & Physiology. 

Explore these features to diseover how you learn best. ehallenge yourself by using a variety of 

tools. 

• IVorkbook to Aeeompany LJnderstanding Anatomy & Physiology The study guide eontains a 
variety of eoloring, drawing, highlighting, and writing aetivities. 

• Animations: Physiologieal proeesses are brought to life on the computer sereen; eaeh 
animation is narrated so you ean understand what you are seeing. (DavisA/^s website) 

• Body Language These computer-based drag-and-drop labeling exercises will help you learn 
the various anatomieal features of the human body. (DavisAA;swebsite) 

• ehapter in Brief: These auditory reviews will appeal to auditory learners as well as to any 
student who likes to review on the go. (DavisAA;swebsite) 

• Study Group: These auditory simulations of a real study group are engaging, fun, and 
informative. (DavisA/^swebsite) 

• Mateh It: Computer-based matehing exercises will help you review key eoneepts. (Davis Plus 
website) 

• Flash Cards: Read eaeh ehapter and then test yourself to make sure that you understand the 
material. {DavìsPh/s website) 
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llnderstanding Anatomy & Physiology 
Gale Sloan Thompson 


Auditory learners 
remember what they 

HEAR 


Auditory learners typieally: 

• Learn best when someone 
explains something new. 

• Remember best by repeating 
things out loud. 

• Will spell a word out loud 
when trying to remember the 
eorreet spelling. 

• Prefer oral direetions to 
written ones. 

• Find it difficult to work 
quietly for long periods. 

• Will "hear” the way something 
was explained when trying to 
remember it. 

• Would rather listen to a 
lecture on a topie than read 
about it. 

• Find diagrams, graphs, and 
visual direetions difficult to 
understand unless someone 
explains them. 

• Might say, "Do you hear what 
I am saying?" 



If you are an auditory learner: 

• Listen to the "Chapter in 
Brief" podeasts to review key 
points in eaeh ehapter. 

• Listen to the "Study Group" 
podeasts. 

• Listen to the songs available 
on the DavisA/r;swebsite. 

• View the animations of 

physiologieal proeesses, 
which include narrations. 

• Form a study group, using 
the study group questions 
available on the website. 

• Read the ehapter out loud. 

• Tape reeord lectures to listen 
to later. 

• Make flasheards of key terms 
and review them out loud. 

• Expand your notes by talking 
with others. Reeord your 
expanded notes and then 
listen to them. 


Kinesthetie learners 
remember what they 



Kinesthetie learners typieally: 

• Learn best when they ean 
work with their hands and 
make something related to 
the topie. 

• Learn better if they ean 
perform a task alongside the 
person demonstrating it. 

• Take notes to keep busy but 
don't usually use them. 

• Use their finger to traee 
the letters when trying to 
remember how to spell a 
word. 

• Play or fidget when studying. 

• Like to chew gum or eat 
snaeks when studying. 

• Have trouble staying still or 
in one plaee for a long time. 

• Like instmetors who 
encourage in-elass 
demonstrations or field work. 

• Might say, "How do you feel 
about this situation?" 



If you are a kinesthetie learner: 

• Make use of the study 
guide, which eontains aetive 
exercises such as eoloring, 
drawing, highlighting, and 
writing. 

• Use the computer-based 
aetivities such as "Body 
Language,” Mateh It," and 
"Flash Cards," which require 
movement. 

• Write out your answers to 
the printed questions from 
"Study Group." 

• Write out key terms again and 
again. 

• Move your body when 
studying muscles and joints. 

• Walk baek and forth while 
reviewing your notes, the 
book, or flasheards. 

• Write out physiologieal 
proeesses, plaeing eaeh step 
on a separate eard; shuffle 
the eards and then arrange 
them in the eorreet order. 
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